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MILITARY CURRICULUM MATERIALS

The military-developed curriculum materials in this course
package were selected by the National Center for Research in
Vocational Education Military Curriculum Project for dissem-
ination to the six regional Curriculum Coordination Centers and
other instructional materials agencies. The purpose of
disseminating these courses was to make curriculum materials
developed by the military more accessible to vocational
educators in the civilian setting.

The course materials were acquired, evaluated by prcject
staff and practitioners in the field, and prepared for
dissemination. Materials which were specific to the military
were deleted, copyrighted materials were either omitted or appro-
val for their use was obtained. These course packages contain
curriculum resource materials which can ce adapted to support
vocational instruction and curriculum development.
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an activity to increase the accessibility of
military developed curriculum materials to
vocational and technical eclucators.

This project, funded by the U.S. Office of
Education, includes the identification a:d
acquisition of curriculum materials in print
-form from the Coast Guard, Air Force,
Army, Marine Corps and Navy.

Access to military curriculun: materials is

provided through a ”Joint Memorandum of
Understanding’” between the U.S. Office of
Education and the Department of Defense.

The acquired materials are reviewed by staff
andl subject matter specialists, and courses
deemed applicable to vocational and tech-
nical education are selected for dissemination.

The National Center for Research in
Vocational Education is the U.S. Office of
Education’s designated representative to
acquire the materials and conduct the project
activities.

Project Staff:
Wesley E. Budke, Ph.D., Director
National Center Clearinghouse

Shirley A. Chase, Ph.D.
Project Director

ERIC

0]

What Materials
Are Availabie?

PO Y

- t. . ! . *
ORI TTCRVR PRI ORI NI W T W 1] 'J

M
g - 3
[ (RPN (3 1O FPRT N

One hundred twenty courses on microfiche
(thirteen in paper form) and descriptions of
each have been provided to the vocational
Curriculum Coordination Centers and other
instructional materials agencies for dissemi-
nation.

Course materials include programmed
instruction, curriculum outlines, instructor
guides, student workbooks apd technical
manuals.

The 120 courses represent the following
sixteen vocational subject areas:

Agriculture Food Service
Aviation Health
Building & Fleating & Air
Construction Conditioning
Trades Machine Shop
Clerical Management &
Occupations Supervision
Communications  Meteorology &
Dialting Navigation
Electronics Photography

Engine Mechanics  Public Service

The number of courses and the subject areas
represented will expand as additional mate-
rials with application to vocational and
technical education are identified and selected
for dissemination.
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materials (e.g., availability and cost). They
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closer to you.
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Course Description

This courss s cesigned to provide the student with a general knowiedge of the principles of fuels and the function, operation, and maintenance of
components utitized in fuel systems. 1t is divided into five lessons.

Lesson 1 - Introduction to Fuels and Fuel Systems describes the characteristics of fuel combustion and carburization, and the purpose
of fuel system components.

Lesson 2 - Fuel System Components covers the construction, operation, and maintenance of components included :n conventiona!
fuel systems.

Lesson 3 - Carburetor Circuits discusses the purpose and function of basic carburetor circuits, and common troubleshooting and
maintenance operations on carburetors.

Lesson 4 - Gasoline Fuel Injection Systems discusses the principies of air-fuel injection, and construction, operation, and maintenance
of a representative gasoline fuel injection system,

Lesson § - Muitituel System covers the philosophy of muitifuei engines, construction and operation of multifuel systems. and principles
of diese!l, multifuel, and gas turbine engines,
P
This course s des:gned for student self-study and evaluation. Each lesson contains objectives, coded text material, review exercises and answers to the
exercises. The answers are programmed so the student has immediate feedback on a correct answer. An incorrect answer refers the student back to the
text for further reading, before continu:ng the exercises. A course examunation is available, but no answers are provided. This course can be used as a

sub-unit in any engine repair or design course.
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CORRESPONDENCE COURSE
of the

UsS ARMY ORDNANCE
CENTER AND SCHOOL

ORDNANCE SUBCOURSEZ NUMBER 403, PRINCIPLES OF FUELS
AND, FUEL SYSTEMS
(16 Cred:it Hours)

INTRODUCTION

The Army's ground mobility 1s based essentially on the reciprocating engine, either
sparx ignition or cOr“presnon ignition. This :s due to the high degree of development this
type engine has received during the past 50 to 80 years; development which has produced
{lexible, reliable, relatively economical engines.

The reciprocating engine 1s basically a device for converting the high internal energy
of not yases (procuced by the combustion of a hydrocarbon fuel 1 zir) to mechanical energy.
This 15 done by trans:orming the linear motion of the piston produced by the force of
expanding gases to rotarv motion of the crankshaft.

Of utmost importance 1n the operation of an internal combustion engine is the fuel used
and the system used to supply the fuel-air mixture to the proper place at the proper time.

Tris subcourse 1s designed to provide you with a general knowledge of the principles of
fueis and the tunction, operation, and maintenance of components utilized in fuel systems,

This subcourse consists of five lessons and an examination, organized as follows:
esson 1 Introduction to Fuels and Fuel Systems

Scope — Characteristics of fuel, principles of fuel combustion and carburetion,
and the purpose of fuel system components.

t.q

Lesson 2 Fuel System Components
Scope — Construction, operation, and maintenance of components inciuded in -

conventional fuel systems.

Lesson 3 Carburetor Circuits
Scope — Purpose and functions of basic carburetor circuits; common trouble-

shooting anc maintenance operations on carburetors.

Lesson 3 Gasoline Fuel [njection Systems
Scope — Principles ot air-fuel injection, construction, operation, and maintenance
of a representative gasoline fuel 1njection system.
Lesson 5 Mulit:fuel System
¢ — Ph:losophy of multifuel engines; construction and operation of the
multifuel system, principles of diesel, mulufuel, and gas turbine engines.

Zxamination

El{llC e
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CHECKLIST OF TEXTS AND MATERIALS FURNISHED

Ordnance Subccurse No 403

July 1975

" Only one text is required for this subcourse. It will be returned to the US Army
Ordnance Center and School with the final examination answer sheet. Final examination
sheets submitted without this text will be returned to the student ungraded. Before you
start working on this subcourse check and make certain that in addition to the Study Texts
incorporated in this lesson booklet, you have the following text:

ST 9-177, Fuel Injection, January 1973

If the above item is missing, notify us at once.

This subcourse may contain errata sheets. Make sure that you post all necessary
changes before beginning.

For your convenience in returning the above text use the postage and fees paid card on the
back cover of this subcourse. DO NOT include your answer sheets in the text.

7z

Note. - The following references were used in the preparation of this subcourse.

TM 9-2815-202-34, w/Cl DS and GS Maintenance for Engine, Sep 71
Diesel, Turbocharged, 8V7!T

T™ 9-2815-210-35, w/Z1-5 Engine, Multifuel, LLD-465-1 and LDS-465-1 Sep 64

™™ 9-2910-200-35, w/Cl I;\:r;;), Injector, Fuel, Simmonds, Model SU Dec 59

™™ 9-8000 Principles of Automotive Vehicles Jan 36

O
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CORRESPONDENCE COURSE
of the
US ARMY ORDNANCE

CENTER AND SCHOOL

LESSON ASSIGNMENT

Ordnance Subcourse No 403 .. .. . . . . . Principles of Fuels and Fuel Systems

Lesson!l. .. e v e oo v v s, Introduction to Fuels and Fuel Systems
Credit IOUZS. + 4 4 o s+ o s+ o s o o » o » » » Three

Lesson Objective . + « « « s o + o » » » + +» After studying this lesson you will be able to:

w, *

1. Describe the characteristics of fuels.,

2. Describe the principles of fuel combustion
and carburetion.

3. Describe the purpose of fuel system com-
ponents.

Study Assignment . + + + + o « 4 o+ o o o Study the text that follows. It will provide you
with information on characteristics of fuel and
the principles of fuel combustion and carbure-
tion. It will also provide information on the
purpose of fuel system components.

Materials Required , . . .+ + + + « +» + » . Exercise response list and answer sheet,

Suggestions « + « 4 . 4 o4 s e s s o oo o o Study each illustration as you study the text.

STUDY TEXT

1, INTRODUCTION,

a. Petroleum 1s ¢he most common source of fuel for modern internal combustion
engines, It contains two umportant elements {(carbon and hydrogen) in such proportions that
they will burn freely in air and liberate heat energy.

5, No matter how a barrel »f crude oil is distilled, various products other than
gasoline are produced. In the early days of the petroleum industry when kerosene was
the proauct in demand, distillation was the answer to the problem. However, with today's
vehicles, numbered in the millions, the products in demand are gasoline, diesel fuels, and

lubricants.

0S 403, 1-Pl
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c. Inthe processing of oil, several forms of fuel are obtained. Figure 1 shows
the approximate percentage of each that is available in a barrel of crude oil.

c
3%
83/91
Gasoliae
a C Gasolines D 44%
Kerosenes 6% -
. . Middle
Viscosity & C Di‘stillates Yy 36%
Pour Limited
Middle Distillat
Middie Bt € Tabe Ol 3%
Residuals 8%

Figure 1. Workable fuel spectrum.

(1) Crude petroleum obtained from underground deposits is first distilled
into the various hydrocarbon fractions by heating to the boiling point. The vapors that are
separated first form the highly volatile "natural" gasoline when condensed. Next is straight
run gasoline, followed by kerosene, distillate fuels, and lubricants, in that order, leaving
a paraffin or an asphalt residu€, depending upon the basic type of crude petroleum.

(2) Since fractional distillation would not produce the quantity of gasoline
needed without an excess of other petroleum products, the heavier, more complex hydro-
carbons remaining after the gasoline is removed are reduced or split into lighter and less
complex molecules and are reprocessed to produce more gasoline. This reduction (or
cracking) 1s accomplished by either a thermal or catalytic cracking process or both.
Decomposition by thermal cracking is done at temperatures from 700° F to 1200° F and
pressures of 10 to 15 atmospheres. The catalytic process, using a catalyst to assist in
chemical decomposition at similar temperatures and pressures, is more expensive than
the thermal process, but produces a higher quality fuel with more desirable antiknock
qualities and less sulfur content.

2. CHARACTERISTICS OF FUELS.

a. The greater the hydrogen content of the hydrocarbon molecule, the greater
the potential heat energy per unit weight. Petroleum is predominately composed of a
mixture of the paraffin, olefin, naphthene, and aromatic families of hydrocarbons. The
olefins are not actually found in crude oil; they are formed during refining.

b. Hydrocarbons with a double-bonded carbon atom are unsaturated and, hence, '
generally more unstable than those that have only single bond saturated carbon atoms.
Because of these factors the paraffins have more heat energy per unit weight and are
relatively stable.

|
\
\
|
|
|
|

1y
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3, PROPERTIES OF GASOLINE, As the power to rin the internal combustion engine
s derived from the fuel burned, the tmportance of the energy content of fuel is obvious, Less
apparent, perhaps, are the facts that an appropriate amount of air must be mixed with the
fuel to support complete combustion where efficiency is of unportance and that, often, fuel
and air must be present i1n different proportions required by a wide range of special operat-
ing conditions.

a, Volatility 1s the ease with which the fuel 1s vaporized under prescribed con-
ditions. To 1nitiate and complete combustion 1n the spark ignition engine within permissible
time limitations, a fuel-air vapor must be present. In cold weather starting or for rapid
acceleration, a highly volatile fuel 1s required. Volatility is also desirable to insure that
raw liquid fuel does not wash the lubricant from piston walls and dilute the crankcase oil.
After the engine has reached operating temperature, a less volatile fuel 1s necessary; such
a fuel 15 also desirable for economy 1n that losses from evaporation will be minimized.
Vapor lock 1n a fuel system occurs when vaporization of the fuel 1n the fuel lines prevents
a sufficient quantity of liquid fuel for satisfactory operation from reaching the carburetor
discharge nozzles. Consideration of this problem requires that a fuel must not be so highly
volatile as to vaporize readily from ambient or radiated engine temperatures. From these
requirements 1t can be seen that a carefully blended gasoline falling between the extremes
of volatility is required for current spark ignition engines.

b. Stability 1s the ability of a fuel to retain its initial physical and chemical
properties. This 1s essential because of the relatively iong periods of storage after pro-
duction and the metals and gases to which the fuel will be exposed before being used.

Olefins and diolefins (chemical properties of gasoline) tend to oxidize, especially when
exposed to sunhight and high ambient temperatures. This oxidation causes a gum formation,
not soluble in gasoline, which lodges 1n fuel lines and carburetor passages, on valves, and
on the surfaces of the combustion chamber, increasing engine deposits and lacquering of the
cylinder walls, Chemical reactions with other elements or with themselves will nullify the
effect of careful blending and antiknock additives. Careful selections of the base stock com-
ponents, removal of sulfur compounds, tars, resins, and diolefins by chemiczl treatment,
and the addition of chemical inhibitors are methods used to promote stability.

4, OCTANE RATINGS, The ability to resist detonation 1s such an important fuel
property that it 1s desirable to have some standard method of measuring this characteristic,
For many years this measurement has been accomplished by use of a standard test engine
in which thie performance of a fuel 1s compared to the performance of various mixtures of
1so-octane and normal heptane, The results are reported as the octane number of the

fuel.

a. To establish a common reference level upon which to base octane rating, a
standard fuel 1s used in a standard test engine which 1s run under specified conditions.
Engine construction, fuel composition, and operating conditions are specified by the
American Society for Testing Materials. The engine used is designed so that compression
ratio may be varied. For this first step of the test, however, the compression ratio is
maintained at a specified value. Knock intensity of the standard fuel is recorded under
these conditions. This intensity is measured through a pressure-sensitive device 1n the
cylinder that closes an electrical circuit that, in turn, deflects a knock indicator needle in
propor.ion to the intensity of knocking. Next, the test engine is run on the fuel whose
octane rating 1s to be determined. The compression ratio of the test engine is varied until
knock intensity 1s thz same as that of the test engine runring on standard fuel. Keeping the
same compression ratio, by trial and error, the blend of iso-octane and normal heptane
that will give again the same knock intensity is determined. The percentage by volume of
1so-octane 1in this blend is the octane number or rating of the fuel.

0S 403, 1-P3
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b. Iso-octane has great resistance to detonation but normal heptane causes the
engine to knock. So, the higher the octane rating of the fuel, the greater is its resistance
to detonation. When the unknown fuel has less tendency to knock than pure octane, the
rating 1s reported as 100 plus the number of milhiliters of tetraethyl lead per _allon that
must be added to the octane to achieve the matching mixture.

c. Fuels for different purposes demand different conditions of testing 1if test
results are to be significant. Several methods of testing and of reporting test data have
been developed. The basic methods are research, motor, aviation, supercharge, and AN
performance number (a2 method of reporting performance data). Only the first two methods
are used for rating fuels for automotive engines. The other methods are used for aircraft
purposes. Test conditions for the motor method are more severe than in the research
method. For this reason, the research method leads to higher octane ratings for a given
fuel and 1s the method whose results are most frequ atly quoted in advertisements.

I |

d. There are limitations to the octane rating of a fuel. It is only one of the
characteristics of importance in the selection of a motor fuel. All properties of fuels must
be considered to obtain fuel suitable for given operating conditions. A fuel may have good
antiknock qualities and be so deficient in another respect to preclude 1ts use in an automotive
engine. Fuel having the same octane number may give dissimilar performance when
operated in different engines or even in the same engine.

e. From this discussion, it can readily be concluded that paying a premium for
fuel of higher octane rating than a particular engine requires is a waste of money.

5. CHEMISTRY OF COMBUSTION.

a. Complete combustion. The term '"'complete combustion' means combustion in
which the fuel 1s completely changed to carbon dioxide and water; that is, there is no fuel
remaining nor 1s there any carbon in the form of free carbon or carbon monoxide.

b. Normal combustion.

(1) It would be desirable to have combustion initiated and completed at top
dead center. This would give the constant volume heat addition and the ideal output of the
air standard cycle. Constant volume heat addition is impossible in the actual cycle, how-
ever, because of the definite period of time it takes to initiate and complete combustion.

(2) At the end of the compression stroke on engines havinga 7to |l or 8 to 1
compression ratio, the temperature of the fresh charge of fuel reaches about 700° to 800° F
betore compustion 1§ imtated. Self-ignition temperature of a homogeneous fuel-air mixture
1s approximately 900° F under quiescent (quiet or still) conditions. The arc of electrical
energy released across the electrodes of the spark plug must provide sufficient release of
heat to raise the temperature of the mixture in and near the spark gap above the mixture's
self-1gnition temperature. Since the actual charge 1s nonhomogeneous (not the same 1in
structure) and a high turbulence exists, the temperature in the spark gap is approximately
4000° F, which insures ionization and the beginning of dissociation of the fuel molecules,
Engines with higher compression ratios must use fuels with correspondingly higher self-

ignition temperatures.

Ly
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{3) Combustion does not begin, however, at the instant the spark jumps the
gap. A period of ime lapses before the fuel and air molecules are energized by the elec-
:rical heat energy to a level where the dissociation reaction of the hydrocarbon and the
subsequent combining with oxygen are self-sustaining. Once dissociation of the fuel and
combining of the carbon and hydrogen with oxygen has begun, the release of heat energy
from this initial reaction 1s sufficient for propagation of further similar reactions. The
resulting flame front moves across the combustion chamber in a ragged spherical front. This
advancing ilame front 1s similar to waves or ripples traveling outward from a pebble
thrown in a pool of water. As an example, consider a long tube containing a fuel and air
rmixture. [f the mixture is 1gnited, the flame front will advance about 3 feet per second.
This 1s far too slow for high speed, high output engines. Flame speeds in modern power-
plants vary from 20 to over 100 feet per second, depending upon the operating conditions.
In keeping with the flame front, temperatures must be considered because they become
mgner as the flame progresses across the comoustion chamber. The cylinder temperature
oecomes higner from the heat liberated during combustion as the flame front progresses
across the combustion chamber. Temperature of the burned gases also increases with the
increase 1n chamber pressufe. It can be deduced that the combustion chamber pressure
rise .5 gradual, that the temperature and pressure of the last portions to burn (the end gaé)
1s much higher than that of the imtial fresh charge, and that the temperature at the spark
plug is higher after complete combustion than 1t was when burning was initiated.

¢, Irregular combustion. No discussion of fuels can be complete without an
expianation of the several forms of irregular combustion. The importance of understanding
the nature, causes, and effects of irregular combustion can hardly be overestimated. Com-
bustion chamber design 1s dictated to a large extent by the necessity for avoiding abnormal
combustion.

(1) The speed of the flame that spreads out from the spark plug in the spark
:gnition engine 1s much greater than the mean speed of the piston. For flame speeds
mentioned earlier {20 to 100 feet per second) mean piston speeds are about 15 feet per
second. Of course, when combustion takes place, the piston is near top dead center and
1ts instantaneous speed 1s even less. As a result, the flame front rapidly overtakes the
piston and, in doing so, heats the unburned fuel-air mixture ahead of it. Temperature ard
pressure in the unburned fuel-air mixture ahead of the flame front are raised as previously
discussed. The resilt of this may be auto-ignition of the unburned fuel. When the unburned
fuel seli-ignites, 1t 1s consumed with extreme rapidity. Associated with this rapid com~-
bustion 15 a very high rate of pressure rise and an audible ping or knock. This irregular
combustion is called detonation, which 1s a result of the fuel used, the mecharical design
of the engine, and the conditions under which the engine is operated.

{2) Contrary to popular belief, detonatien in itself does not produce a
significant loss in thermal efficiency. Undesirable effects chargeable directly to detonation

are;

(a) Overheating of combustion chamber parts adjacent to the last part of
the mixture * barn,

(b) A severe stressing of engine parts due to the rapid rate of pressure
rise. )

(c) Failuie of engine components under severe detonation conditions.

{d) Objectionable knocking sound.

0OS 403, 1-P5
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(3) For the reasons given above, detonation must be avoided at all costs. In
most spark-ignition engines, detonation of present day fuels 1s the major factor in determin-
1ing the maximum practicable compression ratio.

(4) The ignition of the combustion chamber charge before the spark occurs is
known as preignition, Its cause may be attributed to any of the following:

(a) Overheating of the spark plug's.

(b) Hot exhaust valves.

{c) Burning carbon deposits,

(d) Incandescent gases from previous cycles.

(5) Preignition leads to progressive overheating of valves and spark plugs,
which may result 1n failure of the engine. While the presence of preignition may lead to
detonation, or vice versa, the two may exist independently and definitely are not the same
event, Preignition has the same effect as excessive spark advance; that 1s, it reduces the
efficiency of the engine, increases engine temperatures, and increases cylinder pressure.

6., FUEL-AIR RATIO REQUIREMENTS.

a, General. Itis a generally established fact that the best mixture for normal
gasoline engine operation 1s approximately 15 parts of air to 1 part of fuel, However, anyone
who has driven a car or operated a mach.ne that i1s powered by a gasoline engine knows that
normal operation will not always satisfy the requirements placed on the engine. At idling
speeds, during acceleration speeds, and during times that additional power is required, the
fuel-air mixture must be varied to best satisfy the particular situation. Also, the 15:1
ratio is based on a typically blended fuel and all fuels are not alike.

b. Ratio for maximum power, When additional power is required from an engine
for such purposes as climbing hills, starting from a standstill, accelerating for passing, or
for holding high speeds, a richer fuel-air mixture 1s needed. In this case a greater volume
of fuel and air enters the cylinders with the volume of fuel increasing more rapidly than that
of the air. Each engine has a point where it will burn all the fuel-air mixture that enters
the cylinder., Any volume above this amount will be wasted by going out of the exhaust or,
worse yet, draining down 1nto the crankcase. The power ratio, approximately 12:1 or 13:1,
will provide from 5 to 7 percent more power at an expense of about 20 percent more fuel.

c. Ratio for economy. Maximum economy of the fuel-air mixtures is accomplished
wnen all the fuel 1n a cylinder burns., Because it is impossible to have the perfect fuel-air
mixture present in all areas of the cylinder at the exact instant of ignition, economy is
gained oy reducing the racao of fuel and air a slight amount from the optimum of 15:1.
Depencent on the throttle position, this ratio does reduce the amount of fuel wasted.

d. Ratio for idling. When an engine 1s idling, the vacuum of the intake manifold
158 very high because of the closed throttle position in the carburetor. This allows very
lLittle air to be mixed with the fuel. The mixture ratio for 1dling 1s therefore much richer
than the power ratio and 1s approximately 10:1,

e. Excessively rich ratios. There is a point at which engines will cease to
operate correctly when the fuel-air mixture is too rich; if the richness is continued, com-
sustion will not take place. During operation this condition becomes noticeable by a pattern
of misfiring or power surging. When enough of the cylinders are affected, engine operation
will cease completely, due to what is commonly called flooding.
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f. Excessively lean mixtures. When fuel-air ratios are too lean, they will not
burn in a spark ignition engine, When mixtures approaching the too lean condition are
introduced in an ¢ngine cylinder, it will cause backfiring through the carburetor. This is
due to the extremely slow burning time of the mixture, whereby 1t will still be burning when
the i1ntake valve opens for the next cycle and 1gnite the mixture 1n the manifold. Lean
mixture may also cause spasmodic misfirings whereby the mixture will be exhausted into
the exhaust system. The slow burning of the mixture that has been 1gnited could then cause
a burnming mixture to be exhausted also and cause backfiring,

g. Cold engine starting. When starting a cold engine, some of the fuel remains
as a liquid or recondenses on the cylinder wall or piston, Because the mixture is not
vapor:ized at this time, care must be taken to prevent flooding, The mixture requireraents
for cold starting vary in accordance with the temperature and the condition of the engine
and 1gnition systems, Fuel-air mixtures ten times the normal requirement are not uncom-
mon for cold starting,
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LESSON EXERCISE QUESTIONS

Instructions for use of the answer sheet:

1, The procedure by which you will answer the exercise questions in thig subcourse is
probably new to you. The information is presented in a programed instruction format
where you immediately know whether or not you have answered the questions correctly.
If you have selected an incorrect answer, you will be directed to a portion of the study
text that will provide you with additional information.

2. Arrange thia subcourse booklet and your answer sheet so that they are convenient.
Each exercise question has three choices lettered a, b, and ¢. Your answer sheet has
three groups of numbers for questions 1 through 200. The numbers indicated for each
question represent the a, b, or ¢ choices. The exercise response list is inclosed

with this subcourse. It contains a listing of 3-digit numbers in numerical sequence. Each .
number is followed by a response that either reinforces a correct answer or gives you
additional information for an incorrect answer,

3. To use this system proceed as follows:

a. Read the first exercise question and select the choice you think answers the
question correctly. Go to the question 1 area of your answer sheet and circle the 3-digit
number that corresponds with the choice you selected.

b. After you have identified the 3-digit number, locate it in the exercise response
list. If you selected the right choice, the first word of the response will be "CORRECT. "
This talls you that you have answered the question correctly., Read the rest of the response
which tells why your choice was correct and then go to the next que stion.

¢. If the word "CORRECT" is NOT the first word of the response, you have selected
the wrong answer. Read the rest of the response and then turn to the area in your study
text that is mentioned. There you will find the information necessary for you to make
another choice. Be sure to read all of the response because it will help you select the
correct answer and it also provides more information. Line out the incorrect 3-digit
response on your answer sheet.

d. Aftec you have reread the reference, select another answer and circle the 3-digit
response for that choice. Again check the number of this second choice with the response
lict to see if your choice is now correct and to obtain more information about your choice,
If your second choice ia still not correct, line out the 3-digit response on the answer sheet
and continue until the correct answer is selected. When you have answered all of the
questions in an exercise, count the number of lined out responses and see how well you did,

4. You will notice that the lesson exercise question numbers continue consecutively {rom
lesson to lesson. This allows you to use one answer sheet for the entire subcourse.

5. After you have finished the exercise questions for all lessons, fold and seal the answer
sheet so that the USAOC&S address is on the outside. Drop the answer sheet in the mail
so the school will know you have completed the study portion of the subcourse and are now

ready for the examination,
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EXERCISE

L

2,

what eiements are contained in petroleum in such quantities as to make it burn freely?
y

a, Hydrogen and oxygen
5, Carbon and hydrogen
¢. Helium and nitrogen

Which vapors are separated first when crude oil 1s distilled?

a., Kerosene
b. Gasoline
¢. Heavy distillate

Decomposition by thermal cracking 1s done at temperatures of

a. 400° F to 600° F.
b, 700° F to 1200° F,
c. 1300° F to 1500° =,

What refining process produces a higher quality fuel with less sulfur content?

a, Thermal cracking
b. Fractional cracking
c. Catalytic cracking

What determines the potential heat energy per unit weight of the hydrocarbon molecule?
a, Percentage of hydrogen content

b, Amount of oxygen content

¢. Percentage of carbon content

What 1s formed 1n crude oil during refining?

a. Paraffin
b. Naphthene
¢, Olefin

W}ixy 1s high volatility in fuel desirable during cold weather?
a. Helps reduce crankcase dilution

b, Reduces manifold evaporation

¢. Helps reduce the chance of vapor lock

What can be added to fuel to promote stability?

a. Inhibitors

b, Diolefins
¢c. Resins
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9. What chemucal properties of gasoline tend to oxicdize when exposed to sunlight and high
ambient temperatures?

a., Resins and asphalt
b. Sulfur and tars
¢. Olefins and diolefins

10, What reference fuel has a great resistance to detonation?

a. Heptane
b, Tetraethyl
c, Iso-octane

11. What test method used to determine the octane rating of fuels developed for automotive
engines produces the truest results?

a, Supercharge
b, Motor
¢. Research

12. What is the approximate self-ignition temperature, in degrees Fahrenheit, of a
homogeneous fuel-air mixture under motionless conditions?

a, 700
b, 800
c. 900

13, What is the major factor in determining the maximum practicable compression ratio ‘
in most spark ignition engines?

a. Detonation of present day fuels

b. Brake horsepower availability
c. Consumption of presen: day fuels

0S 403, 1-P10
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7. PRINCIPLES OF CARBURETION.,

a, Composition of air, Air is composed of various gases, mostly nitrogen and
oxygen (78 percent, by volume, of nitrogen, 21 percent, by volume, of oxygen). These
gases are, in turn, made up of tiny particles called molecules. All substances whether
solid, liquid, or gas are made up of molecules. In solids, such as i1ron, the particles are
held closely together so that they seem to have no motion. In liquids, the molecules are
not held together tightly, so they can move with respect to each other, Liquid can flow.

In gases, there is less tendency for the molecules to hold together; therefore, the molecules
can move quite freely. The molecules of a gas are attracted to the earth by gravity, or by
their weight. It 1s the combined weight of the countless molecules in the air that we feel as

atmospheric pressure.

b. Evaporation. When a liquid changes to a vapor (gas), 1t has evaporated. When
this happens, molecules of the ligquid move from the liquid into the air. As this continues,
the liquid disappears from its container and appears as vapor in the air. The rapidity of
evaporation varies with a number of facters. One of these 1s the volatility of the liquid,
Others 1nclude temperature, total pressure above the liquid, and amount of liquid that has
already evaporated into the air above the liquid (degree of saturation).

(1) Liquid consists of molecules that move about, As they do so, they collide
with each other. If a molecule happens to be moving upward rapidly enough, it will be able
to jump clear of the liquid, As the molecules of liquid continue to do this, the liquid

evaporates.

(2) At higher temperatures, molecules move faster. This is true regardless
of whether the molecules are 1n a solid, liquid, or gas. At low temperatures, the molecules
move more slowly, When a liquid 1s heated, there are many fast-moving molecules
escaping from the liquid. In other wogrds, the rate of evaporation increases. This action
can be easily seen 1n the process of boiling water, where the molecules are moving so
rapidly they escape in large numbers and in a violent manner,

(3) When there 1s little pressure above the liquid, the molecules can escape
from the liquid easily, When the pressure 1s high, it 1s more diificult for the molecules
to escape and the rate of evaporation 1s decreased. Some of the molecules from the liquid
collide with molecules of the air above and are often knocked back into the liquid.

¢, Atomization. Atomization is the breaking up of a liquid into very tiny particles
or globules. Atomization nelps to turn a liquid 1nto a vapor. [If a spoonful of gasoline were
put 1nto a pan, 1t would take several seconds for it to evaporate, the length of time depending
on temperature, volatility, and pressure. However, uf a spoonful of gasoline were put into
an ordinary spray gun, of the type used to spray insecticides, the gasoline would be broken
into a fine mist when operating the gun and would turn almost instantly into vapor. The
reason for this 1s that a much greater area of the liquud 1s exposed to air when the gasoline
1s atomized. Evaporation takes place from all surfaces and increases with greater surface

area.
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d. Ventur: effect. A venturi is an hourglass-shaped restriction. In the
carburetor, a venturi 1s placed in the air horn through which the air must pass on its way
to the intake manifold and the engine cylinders. The purpose of the venturi 1s to create
a partial vacuum (low-pressure area) at the outlet of the nozzle, which will permit
atmospheric pressure on the surface of the gasoline in the float bowl to force the gasoline
out through the nozzle. This gasoline is then sprayed and atomized 1n the passing air to
torm the fuel-air mixture. It may seem like a contradiction to say that the restriction
produces a vacuum, but let us examine the action of the air molecules as they pass through
the venturi (fig 2). As they enter the horn on the left, they move toward the venturi at
uniform speed. However, as they approach the venturi, they must increase their speed if
all molecules are to get through. That is, with the restriction, the molecules must.move
faster to get through. The increased speed of the molecules produces a decrease in
pressure (a partial vacuum). It is a known fact that the total energy of all things in nature
remains constant, but energy can change from one form to another. Rubbing two sticks
together to produce fire 1s an example of motion (one form of energy) being converted into
heat {another form of energy). Also, if one form of energy increases, one or more other
forms of energy must decrease, since the total energy remains constant. Thus, the
increased speed of the molecules in a venturi produces a decrease in pressure; the
increased speed results in a decrease in temperature. Evaporation of the fuel further
decreases the temperature. Atmospheric pressure is admitted to the bowls and presses
downward on the liquid. Since there is less than atmosplkeric pressure in the ventur:, the
Liguid 1s forced up 1nto the tube. Ina carburetor, the atmospheric pressure on the fuel in
the bowl (fig 3) forces fuel through the fuel nozzle and into the high speed stream of air
where it is atomized.

DIRECTION OF

DIKECTION OF R FLOn
—_— AR FLOW

AIR FLOW

VENTURE TUBE

LIQUID COLUMN

Figure 2. Action of air flowing through a venturi tube.
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Figure 3. A simple carburetor,

3. FUEL SYSTEM COMPONENTS (SPARK IGNITION ENGINES). The fuel system
(fig 4) supplies a combustible mixture of gasoline and air to the engine cylinders and con-
sists of the following components:
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Figure 4, Gasoline engine fuel system components,
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a., A fuel tank to store gasoline in liquid form. Fuel tanks are fabricated in various
sizes and shapes to conform with the item of equipment on which it is used. I

b, Fuel lines, hollow metal tubes, that allow the liquid fuel to flow from the storage
tank to other components of the system.

c. A fuel gage, though not necessary for engine operation, used as a signaling
device to indicate to the operator the amount of fuel in the storage tank.

d. A fuel filter designed to remove dirt and foreign particles from the liquid

4

gasoline.

e. A fuel pump, a mechanically or electrically operated device to pump gasoline
in liquid torm from the fuel tank through the fuel lines and into the carburetor.

f. A carburetor to mix the liquid gasoline with air. In this mixing process, the
liquid gasoline 1s partially vaporized (turned to vapor). The carburetor also serves as the
throttle to control the speed of the engine.

g. Anair filter, normally mounted on the carburetor, to remove dust particles
from the air as it passes through on the way to the engine.

h. A degasser to shut off the fuel supply to the carburetor idle system when there
is a high intake manifold vacuum during deceleration. This device is generally used with
tracked vehicle engines where magnetos are used and it is the most effective means of
stopping the engine.

i. Two types of manifolds—intake and exhaust. The intake manifold is a series
of pipes or passages through which the air -“uel mixture from the carburetor is directed to
the engine cylinders on the intake stroke. After the mixture is burned and the piston is
moving up within the cylinder on the exhaust stroke (exhaust valve now open), the burned
gases are discharged into the exhaust manifold. From there they pass through pipes,
through the muffler (which muffles the noise), and through the tailpipe into the atmosphere.

J. A primer system, used with some vehicles to enrich the fuel-air mixture for
starting, The system incorporates a hand pump, actuated by the operator, that sprays fuel
directly into the intake manifold.

k. An engine governor to prevent overspeeding of the engine and help to reduce
engine wear. There are several types of governors, but they all produce essentially the
same result, that 1s, they cut down, or limit, the amount of fuel-air mixture into the engine
when engine speeds tend to go beyond specified limits.

1. A fuel-air distributor impeller or diffuser system is used on radial engines or
on engines with many cylinders. This system's functicn is to provide a more uniform
distribution of fuel-air mixture to the cylinders.

L OS 403, 1-Pl4
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9, FUEL SYSTEM COMPONENTS FOR COMPRESSION IGNITION INTERNAL COM -

BUSTION ENGINES, The fuel system (fig 5) supplies fuel and air in correct amounts and
proper sequence to permit proper functioning of the compression ignition engine. It consists

of the following components:

NO. ¢

Ps:
' ] z/“‘
L ’[v FUEL INJECTION PUMP

, e, ol INLET HOSE

VENT VALVE
FUEL FILTER BYPASS

IS VALVE (OPENS AT
2 &0 TO 70 #SY)
NS

FUBL INJECTOR NOZ2ULL
ANO HOLDER ASSEMBLUES

FUEL RETURN TO
VEHICLE TANK

FINAL FUEL FILTER

FUEL INJECTION

PUMP FUEL RETURN PRIMARY FUEL FILTER

FUEL INJECTOR
NOZIZLE HOLDER
FUEL RETURN

TUsE / FUEL SUPPLY PUMP.TO-FUEL

FILTER INLET HOSE

FUEL INJECTION >
PUMP ASSY

FUEL INLET FROM VENICLE TANK
Figure 5. Compression ignition fuel system components.

a. A fuel supply pump that is part of the fuel injection pump assembly. This
pump takes fuel from the vehicle fuel supply tank and delivers it under pressure to the
primary and final fuel filters. Fuel is pumped through the fuel filters to the fuel injection
pump. The injection pump then meters and distributes the fuel to the proper fuel
injector nozzles and holder assemblies in firing order sequence.
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b. Primary, secondary, and final fuel filters to insure that clean fuel is
delivered to the fuel injection pump, which is important in maintaining troublefree engine
operation. The secondary and final fuel filters are identical and have interchangeable and
replaceable elements. The primary and secondary fuel filters remove most of the foreign
material from the fuel. The final fuel filter removes any remaining foreign material which
has escaped the filtration of the secondary fuel filter.

This pump is used to supply pressurized fuel to each individual fuel injector nozzle and
holder assembly in sequence with the engine firing order.

d. In a 6-cylinder engine, there are six fuel injector nozzle and holder
assemblies used to inject fuel into the combustion chambers. The injector nozzle and
holder assemblies are sealed against leakage by copper gaskets. The nozzle and holder
assemblies are interconnected by fuel return tubes to provide a path for the return of
excess fuel back to the fuel tank. The nozzle and holders are designed to provide adjust-
ment to allow proper opening pressure and spray pattern for economical engine operation
and proper performance.

c. A fuel injection pump assembly that is driven by the engine camshaft gear.
|
\
|
|
|
|
|
\
|

e. A fuel supply pump-to-fuel filter inlet hose, fuel injection pump inlet hose,
and fuel injection pump fuel return hose which are flexible rubber composition hoses or
plastic tubing. The six fuel injection tubes are soft annealed steel tubing which are -
subject to high fuel pressure operation. The tubes are the same length and are pre-
formed to convey fuel from the fuel injection pump head to each individual fuel injector
nozzle and holder assembly. The fuel injector nozzle holder fuel return and fuel excess

tubes are made of a nylon or plastic composition.

f. A turbosupercharger to increase the velocity and pressure of the intake air,
thereby forcing a greater volume of air into the combustion chambers as compared with a
nonsupercharged engine. This higher volume of air, resulting in a more constant fuel air
ratio, increases engine power. A turbosupercharger, which is essent.ally an exhaust
gas-driven blower, utilizes the kinetic energy usually lost in the exhaust gases to compress ‘
air into the cylinders. The exhaust gases from the engine enter the turbosupercharger and
are forced around the turbine housing radially inward, through a nozzle ring. The exhaust
gases drive the turbine wheel which, in turn, drives the compressor wheel, since both
wheels are fixed onto 2 common shaft. Air enters at the center of the compressor wheel
and flows radially outward thrdugh a tangential outlet on the outside of the compressor
housing and enters the intake manifold. The exhaust gases that were the contributing force
to drive the supercharger unit are expelled from the turbosupercharger into the vehicle's

exhaust system.

Note, - Answer the questions-below.

air?

a. Atomization
b. Evaporation

|
|
|
|
l4. What action 1s taking place when the molecules of a liquid move from the liquid into the
|
|
|
|
¢. Condensation

|

|

|

15. When liquid is broken into tiny particles or globules, it is

a, vaporized.
b. atomized.
c. evaporated.

Ry
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17,

18.

19.

20.

What is a function of the venturi in the air horn?

a. To reduce the molecular speed at the nozzle
b. To increase the fuel temperature for atomization
c. To create a partial vacuum at the outlet of the riozzle

What forces the gasoline from the fuel bowl through the nozzle'in a simple carburetor?

a., Atmospheric pressure
b, Partial vacuum
c. Manifold pressure

What spark ignition fuel system component is employed in a radial engine but is NOT
required in a 6-cylinder in-line engine ?

a., Hand-actuated primer pump

b. Degasser

c. Fuel-air distribution impeller

What type of material is used to fabricate the injection tubes in a multifuel engine?
a, Rubber composition

b, Nylon composition

c. Soft steel

Why 1s a turbosupercharger used with a compression ignition engine?

a. Reduce volume of fuel burned
b. Burn excess exhaust gases
c. Increase engine power

OS 403, 1-P17
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STUDY TEXT

1. INTRODUCTICN. Fuel system components are responsible for supplying the
correct amounts a ad mixtures of fuel and air to the engine cylinders. To accomplish this
function the systeri must include a fuel container, a means of delivering fuel from the
container to a fuel and air mixer, a device for metering the fuel-air mixture, and tubes
or conduits for conveying the fuel or fuel mixture to the proper place. In addition to the
primary componerts mentioned above, most fuel systems include filters to assure that
water and sedimert are removed from the liquid fuel and that dust is removed from the air.
To aid the operator, a visual device indicates the amount of fuel that is in the container.
Each component hi.s a specific function to perform and any unsatisfactory performance of
that function rasul:s in inefficient engine performance.

2, DESCRIPTION AND OPERATION CF FUEL SYSTEM COMPONENTS.

a, Fuel tanks. The fuel tank is a storage tank and may be located almost anywhere
on the equipment, On most passenger cars and on some trucks, the gasoline or fuel tank
is located at the re:ar of the vehicle, The location of the tank is not too important, if it is
out of the way, as a fuel pump will force the gasoline to the carburetor, If the tank is higher
than the carburetor, gravity eliminates the need for a fuel pump.

(1) .\ cutaway drawing of one type of fuel tank is shown in figure 1. Tanks
for fuel are usually made of thin-gage metal covered with an alloy plating to prevent rust
and corrosion. A fuel tank has a filler spout or pipe for filling the tank. The spout or pipe
is covered with a Jiller cap to keep out rain and dirt, Usually these caps are not airtight
as air must enter the tank as fuel goes out. On vehicles designed to ford streams, the filler
cap is both airtight and watertight. In this type vehicle the tank is vented to the atmosphere
by a special vent pipe that opens somewhere above the gas tank where water cannot enter
but air can, The outlet pipe, fitted for the fuel line connection, may be located almost
anywhere on the tznk, but it extends into the tank to about one-half inch from the bottom.
This prevents dirt or sediment ir the bottom of the tank from entering the fuel line, Baffle
plates in the tank .;einforce it and prevent splashing of the fuel. The baffles have holes to
allow the fuel to seek its own level in the tank., The float mounted in the tank actuates a
lever to give a rezding as to the amount of fuel in the tank.

(2) Home vehicles have more thanone fueltank, Whenthere ismore thanone,

they are interconnected by fuel lines and each has a shutoff valve. Some tanks may have a
special kind of rubber lining so that if they are punctured they will seal themselves to
prevernt the fuel from leaking out.

b, Fuel lines and fittings.

(1) Fuel lines are located between the fuel tank and fuel filter, between the
filter and fuel purp, between the pump and carburetor, and frame to engine flexible line,
Each fuel line is a rather small metal tube. It is usually made of copper or rust-proofed
steel tubing and it is connected to each part it joins by fittings. These fittings make it
possible to easily remove and replace the parts of the fuel system which are connected by
the fuel lines,

(2) Figure 2 shows two typical kinds of fittings: one is the flare-type and
the other is the ccmpression ring-type. The part of the fitting that fits into the unit has
tapered pipe type threads. The other end of the fitting may have special threads, In the
compression ring type the compression ring is loose on the pipe until after it has been
tightened down once in use. There are many kinds of fuel and oil line fittings but most of
them are similar, at least in principle, to the types pictured.
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Figure 2, Fuel line fittings.

¢. Fuel filters, The fuel filter may be located anywhere between the fuel tank
and carburetor. Usually, it is located between the fuel tank and fuel pump.

(1) The purpose-of the filter is to prevent water, dirt, and other foreign
materials from passing through the carburetor and into the combustion chamber,
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(2) Another type of filter is a separate unit made of a series of disks in
layers, The discs are in a bowl which acts as a settling chamber, Figure 3A illustrates
this type filter, Fuel enters the filter at the top inlet connection and fills the bowl, To go
out the outlet, the fuel must pass between the disks in the strainer assembly. Since the
disks are close together, the dirt and water cannot pass between them and are deposited on
the outer rim of the disks. Water cannot pass through when it is present in gasoline
because it forme globules that are too large to pass between the disks, This fuel filter is
easily disagsem)led for removing water and foreign matter.

steamee! covie

Figure 3A, Disk-type fuel filter,

(3) The tank-type fuel filter and pump assembly (fig 3B) is located inside the
fuel tank as a single unit and is accessible from the top of the tank, The pump is a 24-volt,
electrically ope:ated, plunger type with a hollow steel plunger in a brass cylinder, The
filter element ie replaceable, self-contained, and made from helically wound ribbons of
phenolic resin impregnated cellulose, Impurities in the fuel are deposited on the edge of
the ribbons and zan be easily cleaned off without damage to the filter element,

Figure 3B, Tank-type fuel pump.

Q
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d. Fuel pumps.

{1) Most fuel pumps are actuated by an eccentric on the camshaft through the
rocker arm, but some pumps are operated by electricity. Pumps are classified as either
positive or nonpositive. Most fuel pumps are nonpositive, which means they cease to
pump when the carburetor bowl is full. This is made possible by the type linkage that
actuates the diaphragm.

(2) As figure 4 illustrates there is a rocker arm which is held against the
eccentric on the camshaft by a spring. When the carburetor bowl is not full and the pump
is in operation, the diaphragm in the pump is pulled down as the eccentric moves the
rocker arm. This action creates a partial vacuum or low pressure in the fuel line and
atmospheric (air) pressure forces gasoline from the fuel tank through the filter and inlet
valve and into the pump chamber. The pump chamber is above the diaphragm. As soon
as the eccentric permits, the spring under the diaphragm pushes the diaphragm up. This
upward movement exerts pressure on the fuel in the chamber and forces it into the
carburetor. The fuel cannot return to the tank because the inlet valve is a one-way check
valve. Fuel can come in that way but cannot go out. The outlet valve is also a one-way
check valve, However, it permits fuel to go out but not to be drawn in. Very oiten the
intake and outlet valves are exactly the same, but the way they are installed causes one to
act only as an inlet and the other as an outlet. When the carburetor is full and the pressure
above the diaphragm is about 8 pounds, the spring cannot push the diaphragm up. The
rocker arm still moves as the eccentric actuates it, but only the lower linkage moves and
the diaphragm stays still until the pressure on the fuel is under 8 pounds. The diaphragm
is fueltight and airtight and is made of a cloth or fabric that is covered with a petroleum-
resistant material.

Figure 4, Fuel pump.
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(:) Some mechanically operated fuel pumps have vacuum boosters built

into them to provide better vacuum for windshield wiper operation.

In figure 5 the top half

is the vacuum jooster and the bottom half a conventionzl fuel pump. Without this booster,

vacuum-type windshield wipers stop or move slowly on acceleration.
he fuel pump is that it is actuated by the same rocker arm. In

e booster is pushed down by the rocker arm. This movement

operational connection with t
operation the diaphragm of th

expels air from the chamber through the outlet valve to the engine intake manifold,
return stroke «f the rocker arm, the spring
vacuum or low air pressure in the chamber.
wiper to be admitted through the inlet valve.
is sufficient vacuum without the booster, atmosph
down and the pamp is inoperative.

The booster's only

On the

moves the diaphragm up to create a partial
This vacuum causes air from the windshield
If the windshield wiper is not used or if there

eric (air) pressure holds the diaphragm
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(4) Electric fuel pumps are used on some equipment. These are either
solenoid or electric motor operated.

(a) In the solenoid-type, the solenoid operates metal bellows that act
somewhat as the diaphragm in the mechanically operated fuel pumps. As the bellows
expand, gasoline 1s drawn in; when they reach their maximum expansion, electrical
contacts in the solenocid are tripped open and the bellows release. This allows spring
pressure to close the bellows, close the intake valve, and open the outlet valve. The
contracting bellows thus force gasoline to the carburetor. :

(b) The electric motor type fuel pump is located in the fuel tank and
pushes fuel to the carburetor by means of a gear or impeller type pump that is powered by
an electric motor.

e. Ailr cleaners.

(1) Air cleaners remove dust and dirt from the air that passes through the air
intake of the carburetor. Dust and dirt are abrasive and cause damage to the pistons and
cylinder walls. Some would also get into the crankcase and damage the bearings. An air
cleaner usually has a flame arrester to prevent fire in the event of an engine backfire.

The air cleaner also silences the 'hissing' sound made by air entering the carburetor.

(2) Air cleaners are of two types; wet and dry. The wet-type is an oil-bath
cleaner (fig 6). In this cleaner air enters into the body and the compartment containing
the metal wool 1in the filter element. To get to the outlet the air must make a 180° turn
above the o1l in the o1l reservoir. Here, the heavy particles of dust and dirt are dropped
wnto the o1l. The air is further cleaned by passing through the curled hair filter in the
upper filter element on its way to the outlet. The arrows in the figure show the air
movement. This type 1s more effective in its cleaning action than is the dry-type.

UPPER HAalF
ASSEMALY &

Figure 6. Wet-type air cleaner.
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(3) A dry-type air cleaner 1s pictured in figure 7. This filter has no o1l

* bath. As the arrows indicate, the air is cleaned only by passing through the copper gauze

in the cleaner or filter element. In both type cleaners, it is important to keep the gauze
clean by washing, the dirt out with a solvent. In the o1l bath cleaner, the oil in the reservoir
must be changed regularly and the sludge in the bottom of the reservoir removed. If the
gauze gets choked with dust, the engine may be starved for air and the gasoline con-
sumption will in:rease. Too much oil in the oil bath cleaner will produce the same result.
Dirty filters affect the power of the engine.

CLEANGR ELIMENT COVER PLATE

Figure 7. Dry-type air cleaner.

f. Carburetor systems. To this point, we have traced fuel from the tank,
through the connections and lines, through the filters, and through the pump. We have also
explained how a.r is cleaned and how it gets into the air horn of the carburetor where it
will be "chargec.' with fuel. The carburetor is between the air cleaner and intake  manifold.
A fuel line connazcts it to the fuel pump. The carburetor will be discussed in the next lesson.

g. Intake manifolds.

(1) In the description of the fuel system thus far, the fuel has been brought
through the carburetor. From the carburetor it enters the intake manifold. Figure 8
shows the intake and exhaust manifolds for a 6-cylinder engine. The carburetor is
mounted on top >f the center section of the intake manifold. A thick gasket is between
the carburetor ind manifold to keep heat from being conducted to the carburetor where

it could cause vapor lock.
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Figure 8. Intake and exhaust manifolds.

(2) The manifold distributes fuel as evenly as possible to each cylinder and
furthers the vaporization of fuel which began in the carburetor. Ideally, fuel and air are
completely mixed as a vapor when entering the combustion chamber. The walls of the
manifold must be smooth to offer little resistance to the flow of the fuel-air mixture.

The intake manifold should be as short and as straight as possible to lessen the chances of
the fuel being condensed to a liquid. To'assist in the vaporization of fuel, some intake
manifolds are constructed so that part of their surfaces can be heated by the exhaust
manifold. This is especially helpful until the engine gets warm. A valve placed in the
exhaust manifold is actuated by a bimetallic spring that reacts to changes in temperature,
When the engine and spring are cold, the spring holds the valve open (fig 9) which causes
the hot exhaust gases to pass over part of the intake manifold before being allowed to
escape. When the spring gets hot, it closes the valve, or door, and the exhaust passes out
the exhaust pipe without circulating arqund the manifold.

Figure 9. Operation of intake manifold hot spot.
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h. Exhaust mamfolds. Figures 8 and 9 show both the intake and exhaust
manifolds. The exhaust manifold carries the waste gases from the engine. ILike the
intake manifold, the exhaust manifold should be smooth inside with no abrupt turns to
hinder the escap: Jf the gases. If the gases cannot escape freely, back pressure is created
tn the engine whica reduces power and causes overheating. Figure 8 shows there are two
end exhaust openings —one for each exhaust valve. The two inner ones are a little wider, and
and each picks uu the gases from two exhaust valves. Between the cylinder head and both
manfolds, there are gaskets to provide an airtight seal. The manifolds are bolted to the
cylinder head.

1. Mu.Jflers and tailpipes. Figure 10 shows the complete exhaust system. The
exhaust pipe conaects the manifold to the mufiler. The muffler (fig 11) is designed to
muffle engine no se, cool the exhaust gas, and lower exhaust gas pressure. The tailpipe
1s attached behind the muffler to carry the gases away from the vehicle. Exhaust gases are
dangerous 1if breathed i1n quantity, so it 1s imporiant tnat there 2are no leaks in the exhaust
system.

EXHAUST
MANIFOLD

CEXNAUST PIFC
PACKING AND
PLANGE

MY
SPRING

EXHA'
nree

Figure 10. Exhaust system.

—

Tigure 11. Internal constructionofa mufiler,
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j» Governors. Governors are used to set maximum engine speeds. Wear 1s
greater at high speeds. Vehicle speed is, of course, an important factor in safety.
Governors work either by centrifugal force, by air velocity, or vacuum. There are
several different applications of these principles; however, only one typical example of
each kind will be described here.

(1) Figure 12 illustrates the principle of a centrifugal force ope rated
governor, and figure 13 shows a typical velocity operated (vacuum) governor. In the
centrifugal governor, the weights fly out as the speed of the shaft, on which they are
mounted, increases. As they move outto a predetermined distance, the linkage begins to
close the throttle valve and additional speed is prevented. A predetermined speed is made
possible by adjusting the spring tension. The drive shaft is driven by the engine camshaft
or by an accessory drive from the engine,

(2) When the velocity, or vacuum, governor is used ¢n gasoline engines, it is
mounted between the carburetor and intake manifold. This type governor has i throttle
valve mounted off center. The mainspring attached to the flywheel on the valve shaft keeps
the throttle open at normal or predetermined speeds. As speed increases and the velocity
of fuel and air from the carburetor becomes great enough, it tends to overcome the
mainspring tension and partially closes the valve. As speed continues to increase, there
is a tendency for the valve to be closed further. To prevent closing the throttle altogether,
the compensating spring goes into use. As the throftle tends to close, the flywheel shoulder
bears against the compensating spring and the proper throttle opening is maintained. This
governor, like the centrifugal type, can be adjusted for various maximum speeds.

(3) Some governors are of a combination centrifugal and vacuum, or velocity,
type.
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Note. - Refer to lesson exercise directions, in lesson l. .

21. If the fuel tank of a vehicle is positioned high enough, what component of the fuel
system is NOT required?

a. Intake manifold
b. Carburetor
c. Fuel pump

22. Where is a fuel filter normally located?

a. Betw:en the fuel tank and fuel pump
b. Betw:en the fuel pump and carburetor
c. On the carburetor

23. What type of fuel pump ceases to pump when the carburetor bowl is full?

a. Positive
b. Gear
c. Nonpnsitive

24. What is the purpose of the vacuum booster on some fuel pumps?

a. To increase the volume of fuel being pumped
b. To provide for better windshield wiper operation
c¢. To provide for smoother acceleration

25. Which is zharacteristic of the electric motor type fuel pump?

a. Normally submerged in the fuel tank
b. Operates on the vacuum principle
c¢. Normally mounted close to the carburetor

26. What will cause fuel consamption of an engine to increase?

a. Fuel lines too large
b. A clogged vent in the fuel tank cap
¢. Too much oil in the oil bath cleaner

27. What controls the valve to the intake manifold hot spot?

a. Bimetallic spring that reacts to temperature changes
b. Electric solenoid controlled by the acceleration linkage
¢. Vacuim control in the intake manifold
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3. MAINTENANCE AND REPAIR OF FUEL SYSTEM COMPONENTS.

a. Air cleaner. Air cleaners seldom require repair, but frequent cleaning and
servicing are necessary., A wet-type (or oil bath) air cleaner is composed of three sections:
body, filtering element, and top cover. A clamp on the bottom of the body holds the air
cleaner to the carburetor air horn. By loosening the screw on the clamp, you can remove
the air cleaner from the carburetor. Loosening and removing the wingnut on top of the
cleaner permits removing the top cover and filtering element. The element should be
soaked 1n cleaning solvent and the dirty oil poured from the bottom of the body. Clean the
inside and outside of the body and the top cover with solvent and wipe dry. After the
element has soaked in cleaning solvent for 5 minutes, remove it and dry with compressed
air. Refill the bottom of the body with a seasonal grade engine oil up to the "Oil Level" line
or mark. Do not overfill, Place the element in the body, install the top cover, tighten the
wingnut, and the air cleaner is ready for installation.

b. Mechanical fuel pump. A fuel pump can develop many troubles such as a leaky
valve, cracked diaphragm, worn rocker arm, broken spring, etc. Although fuel pumps
made by various manufacturers differ in design, they all operate on the same basic
principles.

(1) When it becomes necessary to rebuild a fuel pump, a standard repair kit
should be used. Each kit contains the internal working parts most subject to failure By
the use of a repair kit, an old pump can be made to perform like a new one. The parts
contained in a typical kit are shown.in figure 14. The "Parts Catalog' section of the
applicable technical manual for the type of vehicle on which a pump is installed gives you the
correct stock number and nomenclature of the repair kit. The ""Overhaul Instructions' pazrt
of the same technical manual provides a detailed description, with illustrations, of how
fuel pump repairs should be accomplished.

Retainer Screw

- Diaphragm and
pull-Rod Bowl Gasket Valve and
Assembly Cage Retainer

Screen

0
A - | Link B
QO
\ Cover o=
o Screws Yalve and
“ }W Cage Assembly
p W ;Vglve Cage
WW Q o Gagket
Diaphragm Mounting N\ \ @
Spring Gasket . Cover Screw Rocker Arnm

Lock Washers  Pin Bushing

Figure 14, Typical repair kit for fuel pump.
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(2) Before removing a fuel pump or disconnecting the fuel lines, clean the
outside of the pump housing and the area around the mounting {lange and engine block,
Select the proper size wrenches (open end or box end, whichever is best suited), disconnect
the lines, and remove the pump from the engine block, Cover the opening in the engine
block to keep di:t out of the crankcase, Clean the outside of the pump with a good cleaning
solvent and dry with compressed air. Do not try to clean the inside of the pump,

(3) After selecting the proper repair kit (by consulting the applicable technical
manual) and prior to disassembly, take a fine file and make a crossmark on the flanges
where the top ccver and pump body come together, By referring to this mark, you can
reassemble the top cover and pump body in their original positions, Remove the capscrews
which hold the cover to the body; then separate the cover from the body by tapping it lightly
around the circumference with a rawhide or wooden mallet, Do not use 2 hammer, When
the top cover is removed, all of the internal working parts are accessible and can be
removed easily, Always install all of the parts in the repair kit, This is extra insurance
against an early failure, as old parts can be on the verge of failure even when they appear

to be in good condition, Clamp the mounting flange of the pump body in a soft jawed vise
with the riveted end of the rocker arm up and with the gasket surface of the flange against
one jaw of the vise, File off the upset end of the rocker arm pin flush with the face of the
washer, so that it can be driven from the pump body, allowing removal of rocker arm and
linkage for disassembly. The sediment bowl assembly should be taken off next so that the
strainer screen can be removed from the top cover of the pump, The outlet valve and
spring should be removed also,

(4) All of the metal parts should be washed in an approved cleaning solvent
and all passages blown out with compressed air, If you find the parts difficult to clean, use
a special solvent designed for removing carbon deposits, Parts not having replacements
included in the repair kit should be inspected thoroughly. The top cover should be replaced
if it is warped or cracked, If warped only slightly, it may be flattened by lapping or by
using a disk grinder, Replace the bowl gasket seat if it is warped, Replace all valve seat
covers of the insert type whenever any part of the raised valve seat is worn off flush with
the shoulder of the valve. Sometimes stripped or crossed threads can be corrected with a
tap, or they may be drilled out and retapped to a larger size., The pump body should be
replaced if the diaphragm flange is warped (unless a slight warping can be refinished by
lapping or using a disk grinder) or if the rocker arm stop is broken, If a visual inspection
of the rocker arm shows that it is worn or broken, it must be replaced also, Replacement
of the cover is recessary whenever the threaded holes in the diaphragm flange are stripped

or damaged beyond repair,

(5) Reassemble the pump only when you are sure that all parts have been
thoroughly inspected and, if need be, replaced or repaired, First assemble the pull rod
and links, Ther place the pull rod in the pump body with the sheared edges of the links up
toward the body and threaded end of the pull rod, Insert the rocker arm through the mount-
ing flange so that its hooked end lies between the outer links and over the center link pin,
Again, clamp th2 mounting flange of the pump body in the vise with its gasket surface
against one jaw of the vise, Aline the holes in the rocker arm, link, and pump body; then
drive in the new rocker arm pin., After installing the rocker arm pin washer on the pin,
peen over the erd of the pin or install wire pin clips as required,

4y
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(6) If there is a priming lever to be installed, lift the pull rod out of the hole
and install the lever in the body grooves provided. Open the lever end around the pull rod
hole and reinsert the pull rod. Position the diaphragm spring over the inner boss and the
rocker arm spring over the outer boss in the bottom cover., Place a spring cap over each
spring and put the gasket on the cover, By holding the pump body by the threaded end of the
pull rod, you can keep the hand primer in place. Then place the bottom cover and gasket
assembly on the body with the spring caps seated against the pull rod and rocker arm.
While holding the cover in place, install the cover screws and tighten them securely.

(7) The new diaphragm should be soaked in clean kerosene or diesel fuel
before it is installed. Do not use shellac or sealing compound, Place the engine mounting
flange of the pump body in the vise with the diaphragm flange upward., Now place the parts
of the diaphragm assembly over the threaded end of the pull rod in proper order. Aline the
diaphragm holes with the holes in the body flange, Maintain the alinement by temporarily
inserting two or three cover screws, Tighten the pull rod nut securely, using another
wrench to hold the hex-washer stationary, thus preventing distortion of the diaphragm. Be
sure to put the gaskets on the airdome and valve plug. Place a drop of light grade oil on
the airdome valve before installing it in the valve chamber over the diaphragm, Just insert
the valve spring in the valve plug, tip it into the chamber, and tighten the plug securely,
Place the strainer screen and bowl gasket in the top of the cover, position the bowl in place
on the cover, swing the bowl assembly into position, and adjust the thumbnut securely with
the fingers., Later, check the assembly for leaks at the bowl gasket. If a leak is detected,
remove the bowl and check the gasket and gasket seat, Overtightening the thumbscrew
with pliers or wrench will probably result in a broken bowl.

(8) The cover must now be installed on the body, Make sure that the file
marks on the cover and body are in line. Since the diaphragm spring holds the cover away
from the pump body, push on the rocker arm until the diaphragm is flat across the body
flange. Install several top cover screws and lockwashers (loosely) until the screwheads
just touch the lockwashers. Move the rocker arm into its normal full stroke position and
tighten the cover screws securely. Hold the diaphragm in a full stroke (flexed) position,
while tightening the cover screws, to properly position the diaphragm between the flanges.

(9) To test the operation of the pump valves, attach an air pressure gage to
the outlet side of the pump and operate the priming lever or rocker arm a few strokes while
observing the pressure gage. The gage should not show too rapid a pressure drop after
the pumping stops., Figure 15 shows the disassembled parts of a typical fuel pump. Some
pump units perform a single function, that of delivering fuel under pressure from the fuel
supply tank to the carburetor. However, other units incorporate both fuel and vacuum
pump sections to accomplish a dual function. This unit supplies fuel from the fuel tank to
the carburetor and also pumps air, drawn through the windshield wiper vacuum line, into
the intake manifold section. In this manner, more uniform operation of the windshield wiper
is provided at all engine speeds and loads. Figure 16 shows the disassembled parts of a fuel
pump with a vacuum booster,
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(10) When a combination fuel pump and vacuum pump unit is to be overhauled,
use a {ile tc ma:k the edges of the fuel flanges and the heat shield stud position, if a heat
shield 1s used, :o that the parts may be reassembled in their original positions. Begin the
disassembly by removing the cover heat shield stud. After removing the remaining studs,
separate the cover from the pump body by tapping it lightly with a rawhide mallet. Mark the
edges of the vacium cover and pump body flanges. Remove only two of the cover screws
from opposite sides of the covers, then substitute two fillister-head screws of the
same size and a. least 1-1/2 inches long. Turn the two long screws all the way down, and
then remove the balance of the regular cover screws. By alternately backing off the long
screws a few turns at a time, you permit the force of the heavy vacuum diaphragm spring
to be relieved sifely. If the flanges stick together after the long screws have been backed
off one or more turns, tap the cover Lightly with a rawhide mallet to loosen it. After the
two long screws have been taken out, the cover assembly, diaphragm spring, and spring
retarner can be removed.

(a) File off the riveted end of the pump rocker arm pin until it is flush
with the steel we.sher, drive out the pin with a drift punch and hammer, and move the
rocker arm unti. the links unhook from both diaphragms. Now the rocker arm spring,
rocker arm, and link assembly can be removed. Disassemble the rocker arm assembly
by removing the linkage and bushing from the rocker arm. Lift the vacuum diaphragm
out of the body and remove the lower 01l seal retainer by turning it until the slot is lined up
with the flat side of the pull rod. This will allow the oil seal assembly to be remowved.
Remove the fuel diaphragm assembly by pulling it straight out of the body. Be careful notto
tilt it excessively or you will damage the oil seal. Disassemble the fuel cover, which was
detachea previously, by removing the valve and cage retainer screw and bow screws.
D:sassemble the vacuum cover by removing the valve and cage retainer screw and cover
plate scr-w.

(b) Clean, lay out, and inspect all parts, following the same procedure
pattern used wit1 the single umt. When the cleaning, inspection, and exchange of kit parts
nave been completed, reassemble the pump. Start assembling by placing the link spacer
over the fuel linc. Place the vacuum links on each side of the fuel link. The hooked enas of
the vacuum link: should come together so that they surround the fuel link and so that all
iink hooks po:int in the same direction. The assembly of links and spacer should now be
placed between the lobes of the rocker arm along with the outside spacer washer, so that
the rocxer arm sushing holds them in place. Now stand the pump body on the bench with the
tuel tlange down, set the rocker arm spring into position (with one end over the cone cast
1nto the body), and slide the rocker arm and link assembly into the body. The outer end of
the r..<er arm spring slips over the projection on the link spacer, and the open end of

all lin.. hooks maist point toward the vacuum flange. You can temporarily retain the assembly
1n position with 1 4- or 5-inch length of 1/8-inch rod.

(c) Soak the new fuel diaphragm in clean kerosenec or fuel o1l for a short
whiie. Do not use shellac or any other sealing compound between the flanges and the edges
o: the d:aphragm. Inthe meantime, turn the pump body over with the fuel diaphragm flange
upward. Set the diaphragm spring and retainer on the oil seal and puskh the diaphragm pull
rod through these parts. The flat s:de o: the pull rod must ve at right angles to the fuel
l:ink with its hoo< at right angles o the link, The diaphragm pull rod can now be hooked to
the tuel {short, :enter) iink. Be careful not to tilt the diaphragm pull rod too much or you
may damage the o1l seals. Remove the temporary pin that was used to holé and aline the
rocker arm assemply, drive in the new rocker arm pin, place the washer over the end of
the pin, and rivet the pin end by peening it with a ball-peen hammer.

oU
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(d) Assemble the parts of the fuel cover, placing the valve and cage
gaskets in place before the valves and cages are installed. The inlet valve must have its
two-legged spider facing out of the cover. Secure both assemblies with the retainer and
screw. Install the strainer screen and other parts in their proper order. If an airdome
1s used, install it in the threaded hole located in the threaded hole located in the projection
of the outlet casting. When installing the cover on the body, make sure that the file marks
on the cover and body line up. Move the rocker arm until the diaphragm is flat across the
body flange; then install the cover screws and lockwashers (loosely) until the heads begin to
touch the lockwashers, Move the rocker arm into its normal full stroke position and tighten
all of the cover screws securely. To properly position the diaphragm between the flanges,
hold it in a full stroke (flexed) position while tightening the cover screws.

(e) Assemble the vacuum pump cover by placing the two gaskets and
two valve and cage assemblies. in the cover, so that the three-legged spider of the inlet
valve faces out of the cover while the outlet valve faces into the cover, and secure the
valves and cages with the retainer and screw. After turning the cover over, set the screen
and retainer in the recess located around the valve hole; place the cover gasl{et, cover,
and other parts into proper position; and secure them with the cover screw. Flace the
vacuum pump cover on the pump body after placing the diaphragm, which has been soaked
for a time in clean kerosene or diesel fuel, in proper position between the flanges.
Assemble the oil seal on the vacuum diaphragm pull rod in correct sequence and turn the
lower retainer 90° in order to lock it in position. Lift the pump body above eye level, so
that as you face the vacuum diaphragm flange, the two vacuum links will swing down into
view. Then you can hook the vacuum diaphragm pull rod to both links. While holding the
vacuum diaphragm in this position, clamp the body in a soft-jawed vise vacuum flange side
up. The vacuum diaphragm must be held level with the body flange during the positioning
of the vacuum pump cover. You can do this by inserting a piece of steel 3/16 inch
by 3/32 by 8 inches, with one end bent to form a right-angle hook which should measure
three-eighths of an inch from the bend to the end.

(f) Place the spring and retainer assembly on the riveted end of the
diaphragm pull rod. Position the vacuum pump cover over the spring and aline it with the
file marks. Inserttwo screws of correct diameter, but 1-1/2 inches long, into the two
opposite holes in the cover flange. Turn these bottom long screws down, alternating a few
turns on each. Install the regular screws and washers (loosely) and tighten until the
screwheads just engage the lockwashers, Replace the two long screws with the regular
screws and washers. The spacer may now be removed from its position between the pump
body and rocker arm, thus allowing the heavy vacauum spring to push the diaphragm into a
flexed position so that all of the cover screws can be tightened securely.

(g) The vacuum pump side of-combination fuel and vacuum pumps is not
always bench tested; consequently, when the pump is reinstalled on the engine an opera-
tional test of the vacuum pump section should be mnade by checking the operation of the
windshield wiper while the engine is on a power puil. The speed of the wiper blades should
remain practically constant during engine acceleration. Should the action be too slow,
check the vacuum lines to be gure that they are not either plugged or leaking before
jumping to the conclusion that the pump is at fault,
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(11) Troubles frequently attributed to the fuel pump may be difficulties
involving the fuel supply tank. Failure of a fuel pump to deliver fuel to the carburetor is
not always due to a faulty fuel pump, but may be due to faulty fuel lines or an obstruction
of some kind in the fuel tank that has settled over the outlet. Temporary relief is provided
by disconnecting the fuel line at the fuel pump and blowing compressed air back through the
fuel supply line into the fuel tank. However, the only way to permanently remedy such a
condition is to remove the fuel tank and clean it thoroughly.

c. E.ectric fuel pumps.

(1) General. After removal from a vehicle, the fuel pump should be cleaned
thoroughly. To clean, use drycleaning solvent or volatile mineral spirits and a soft brush
to remove sedinent. Blow through all passages with compressed air to make sure they
are open, The commutator slots of the armature should be cleaned with a piece of

cardboard.

(2) Testing electrical parts.

(a) _Field coil test. If resistance of the field coil, when tested as shown
in figure 17, is not within limits, use a new or serviceable field housing, bearing, and
coil assembly to replace it. Coils for 12-volt pumps should show 25 to 32 ohms of
resistance, and for 24-volt pumps 113 to 125 ohms,

LE{*D OHMMETER SET
FIELD CoiL |
- |
METER
|
] |
° FIELD COfL | |
| — |
—\IBATTERY
L - -J
] SLICTRICAL CIRCUIT FOR TIST:
LEAD BATTERY OF OHMMETER SENDS

CURRENT THROUGK FIELD COIL.
METER MEASURES FIELD COlil RESISTANCE

Figure 17. Test of field coil.
. (b) Armature.

1, Test for ground, Test the armature as illustrated in |
figure 18, Use a 12- or 24-volt test lamp, depending on the pump voltage, and fasten one
lead of the test lamp to the armature. Touch each commutator bar, in turn, with the other
lead shaft. If the lamp lights when any bar is connected to the test lamp, the armature is
grounded and unserviceable, Do not attempt to repair a grounded or shorted armature since
the armature i.: in dynamic balance and cannot be disassembled for repairs.

Jdg 0S 403, 2-P22

ERIC

Aruitoxt provided by Eic:




O

ERIC

Aruitoxt provided by Eic:

ARMATURE COMMUTATOR SEGMENTS
ARMATURE SHAFT
INSULATION
BATTERY
ARMATURE l

ARMATUPE SHAFT

ety
] . }
commiTaton LEAD
SEGMENTS TEST LAMP SET IATTERY AW
ARROWS SHOW CURRENT L CIRCUIT OF TIST:

A SLECTRICAL
PO R URE IF INSUCATION, 15 BROKEK, CURRENT

NG LAMP.
THIS MEANS Aakwruas 15 GROUNDED.

Figure 18, Test of armature for ground,

2, Resistance test A, Measure the resistance of the windings
between adjacent commutator bars of armature as illustrated in figure 19, If resistance
is not within limits stated below, use a new or serviceable armature assembly. Windings
between adjacent commutator bars for 12-volt pumps should test 0,70 to I, 00 ohm for
24-volt pumps the resistance should be 3.0 to 3. 85 ohms.

ARMATURE WINDING BETWEEN

OHMMETER ADJACENT COMMUTATOR SEGMENTS
A
RMATURE LEAD
o o |
INSULATION
ARMATURE
COMMUTATOR
SEGMENTS

ARROWS SHOW
DIRECTION OF CURRENT

BATTERY METER

ELECTRICAL CIRCUIT OF TEST:
METER MEASURES RESISTANCE
OF ARMATURE WINDING

Figure 19, Test of armature windings between adjacent commutator bars.,
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3. Resistance test B, Measure the resistance of the windings
between alternate commntator bars as shown in figure 20, 1If resistance is not within
limits stated below, use a new or serviceable armature assembly. Windings between
alternate commu:ator bars for a 12-volt pump should test 1.35 to 1,7 ohms; for 24-volt

pumps the resistince should be 5.4 to 7.0 ohms.

OHMMETER ARMATURE WINDING
BETWEEN ALTERNATE
COMMUTATOR SEGMENTS

LEIAD E
ARMATURE /
9 o
_>/ jo——LEAD INSULATION
P
. ARROWS SHOW t 4
A -ATL;REE&%g:‘ATMSUTATOR FLOW OF CURRENT
-
BATTERY METER

SLECTRICAL CIRCUIT OF TIST:
METLY MEASURES RESISTANCE
OF ARMATURE WIPOING

Figure 20. Test of armature windings between alternate commutator bars,

(c) Cable assembly, Use a 24-volt battery and test lamp and test cable
ass. »lv wire for continuity of circuit and for ground. If circuit is grounded or not
continuous, use 3 new or serviceable cable assembly.

(3) Reassembled pump test (fig 21). Attach  pressure gage to the fuel
discharge part of pump, Connecta source of power to the pump and submerge the entire
pump ina can of drycleaning solvent of volatile mineral spirits, Cperate pump by
closing the switch, Regulate the rheostat until the voltmeter indicates the rated voltage
nf the pump. If no undue vibration is observed and if the pressure gage indicates a pressure

of 3-3/4 PSI or more, the pump is satisfactory.
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BATTERY

L\‘un CONTAINER

Figure 21, Test of electric fuel pump,

Note, - Answer the following questions before continuing to lesson 3,

28,

29.

30,

What should be done before disassembling an unserviceable fuel pump?
a. Make a scribe mark across the top cover and pump body where they come together
b, Try to clean the inside of the pump by blowing through it with compresszd air

c. Tap the connection joint with a hammer

What is the resistance, in ohms, for the field coils of a 12-volt electric fuel pump?

a, 12to020
b, 25 to 32
c. 58 to6b

What should be used to check the continuity of the cable assembly on an electric fuel
pump?

a, Voltmeter

b. Ammeter
c¢. Battery and test lamp
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Lesson Objective . . . . . . . . ¢ . oo 0. After studying this lesson you will be able to:

1. Describe the purpose and functions of the
basic carburetor circuits.

2. Describe the procedures for troubleshoot-
ing the carburetor circuits.

3. Describe the procedures for maintenance
of carburetors.

Study Assignment . . . . . . . 00 ... Study the text that follows. It will provide you
with information on the purpose and functions

of the basic carburetor circuits, and common
troubleshooting and maintenance operations

on carburetors.

Materials Required . . . . . . . .. .. . .. Exercise response list and answer sheet.
Suggestions . . . . . ... e oo e .. Study each illustration as you study the text.

STUDY TEXT

1. GENERAL. The purpose of the carburetor is to supply the correct mixture of fuel
ana air for any and all conditions of speed and load imposed upon the engine. The engines
of present-day vehicles must be completely flexible in the speed range from approximately
500 RPM to more than 3,000 RPM. At any point in this range, the vehicle may be subjected
to a comparatively light load or a very heavy load. It must adapt itself immediately to any
change of load or speed imposed upon it, within the limits of its maximum power output.

2. PURPOSE AND FUNCTION OF CARBURETOR CIRCUITS.

a. Throttle caircuit. The first and most important control that the carburetor
requires is a means of va}rying the amount of fuel-air mixture that enters the intake mani-
fold. When a maxaimum amount can enter, the engine cylinders will produce maximum
power {for the speed at which it is running). When less than the maximum power is required
{(as when cruising slowly or 1dling) the engine must be throttled down. This is accomplished
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by reducing the amount of fuel-air mixture with a throttle valve in the carburetor. The

throttle vaive 1s simply a round disk mounted on a shaft so it can be tilted at various angles

1n the carburetor throttle valve body. When 1t 1s parallel to the airflow, 1t offers almost

no restriction and a full volume of fuel-air mixture can pass into the intake manifold. When ‘
it 1s tilted away from this position, 1t reduces the amount of fuel-air mixture that can pass

into the 1ntake marnifold. Therefore, engmne power 1s cut down. The throttle valve 1s con- ‘
nected by linkage to the throttle pedal {accelerator) in the driving compartment. When the

pedal 1s depressed, the throttle valve is opened, which means it is tilted in the throttle ‘
valve body so as to offer less restriction and permit more fuel-air mixture to pass through.

b, &)at circuit.

(1) The fuel level in the carburetor bowl must be maintained at a constant
level during engine operation. If the level 1s too high, fuel will feed too freely out of the
rozzle and the nmixture will be too rick; high fuel consumption will result and the engine
may suifer frorr formation of large amounts of carbon in the cylinders. On the other hand,
if the fuel level is too low, insufficient fuel will feed from the nozzle and the mixture will
be too lean for good engine performance. To maintain the correct level, a float circut is
used. Essentiaily, this circuit consists of a float pivoted at one side of the bowl and so
arranged as to cperate a necdle valve (fig 1). The fuel pump delivers fuel under pressure
t0 the bowl. Wten fuel 1s delivered faster than 1t 1s used, the bowl tends to fill up. This
causes the float to rise and move the needle valve 1nto its seat. This action shuts off the
flow of fuel to tte bowl. When the fuel level falls, the float falls also. This allows the
needle valve to inove out of its seat in order to permait the entrance of more fuel. In actual
operation, tne f;oat and needle valve maintain a position that perm:ts the fuel coming in to
Just balance the fuel going out of the bowl.

VINT NEEDLE VALVE

l =~ FUEL INLET

Vv’
% ROAT
"

nvor

Figure I. A typical float circuit.

{2) The wvent at the top of the bowl {fig 1) may be opened to the atmosphere or
it may be vented into the carburetor air horn. In the latier case, a dirty air cleaner will
have lLittle eifect on mixture richness. However, if the vent 15 to the atmosphere and if the
a:r cleaner :s dirty, the mixture may become excessively rich. The reason for this is that
airt 1n the air cleaner acts as a restriction and thereby increases the vacuum in the air
horn and at the tuel nozzle. This causes a heavier discharge of {uel and greater mixture
richness. If the vent:s to the air horn, the effect of the dirty air cleaner will be the same
on the vent as or. the fuel nozzle ana there will be no appreciable increase of richness due

t0 the dirty clea.ier.
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c. Low-speed circuit.

(1) When the throttle is almost closed, there will be very little air passing
through the venturi. Therefore, there will be very little vacuum at the venturi and the fuel
nozzle will not discharge any fuel. Without some additional circuit to assure fuel delivery
with a closed throttle, the engine would stop. The circuit that takes care of fuel delivery
during closed or nearly closed throttle is called the idle- and low-speed circuit (fig 2).
Actually, in some respects, this is really two circuits, an idle circuit and a low-speed cir-

cuit,

Figure 2. A typical idle~ and low-speed circuit.

(2) When the throttle is closed, there is a relatively high vacuum in the intake
manifold and below the throttle. The idle circuit has a discharge port, or hole, that is
below the throttle valve when it is closed. With a closed throttle, there is a high vacuum
in the intake manifold, and at the idle speed discharge hole. Atmospheric pressure in the
float bowl will force fuel from the float bowl through the idle circuit and out the discharge
hole. An adjustable needle valve is positioned to permit more or less fuel to discharge
from the hole. This makes it possible to adjust the idling mixture richness by allowing
more or less fuel to discharge during idle.

(3) An air bleed is located between the air horn and the low speed fuel pas~-
sage to allow air to bleed into the idle circuit when it is operating. This air mixes with the
fuel and partly atomizes it before it discharges from the hole into the air horn. Such assis-
tance is needed because air movement through the horn is much slower and there is less
tendency for atomization to take place at the hole during idle. The air bleed also helps to
produce fuel flow when pressure differences between upper and lower portions of the air
horn are low, because the mixture flows easier than liquid fuel alone.

(4) When the throttle is opened a little, the airflow is still too restricted for
the ventur: to discharge fuel. Yet more air is flowing and, consequently, more fuel must
discnarge. Thre idle-circuit discharge hole alone cannot supply this additional fuel. To
supply the additional fuel needed for this low-speed operation, an additional hole {low-speed
aischarge hole or port) 1s included in the idle circuit. This hole is placed so that it is
slightly above the edge of the throttle valve when it is closed, but slightly below the edge of
the throttle valve when it 1s opened a small amount. In this latter position, intake manifold
vacuum can act on the low-speed hole and therefore supply additional fuel from the bowl
through the circuit. The same circuit is used by both the idle and the low-speed holes.

The low-speed hole simply permits more fuel to discharge into the throttle-valve body as
the throttle is swung away from the fully closed position.
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d. Righ-speed circuit.

(1) The high-speed circuit consists essentially of the main nozzle, which is
centered 1n the venturi. The carburetor normally contains a multiple venturi; that is,
several ventiri, one inside another. For example, three venturis are shown in figure 4.
When the throttle 1s opened sufficiently, the air passing through creates a pressure differ-
ence which c.auses a discharge of fuel from the nozzle. Throughout the intermediate and
high-speed range, this discharge increases with the volume of air passing through so that a
fairly umforin fuel-air mixture ratio is maintained. Assisting in maintaining this fairly
constant rati> is an air bleed which is incorporated in the nozzle. With increased air speed
through the venturi, increased air bleeding into the main nozzle takes place, preventing
overrichness. Note the air bleeds in figures 3 and 4.

valuum * §TC

valuysme
CmaANNE Y

p [ By £ =
L &
X ;
g}"/#/é

‘_.'
oy b

Figure 3. Power jet.

METERING 200

YINTUR A UL

Figure 4. Metering rod circuit,
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(2) The high-speed and low-speed circuits overlap. For example, as the
throttle 1s moved from the closed to opened position the idle, low-speed and high-speed
circults successively take over the main job of supplying fuel. With a closed throttle, the
1dle discharge hole alone supplies fuel. As the throttle is opened so its edge moves past
the low-speed hole, the low-speed hole begins to discharge fuel to meet the added fuel
requirements of the engine as engine speed increases. As the throttle opens still wider,
the additional and fast-moving air through the air horn begins to produce fuel discharge
from the main nozzle. As the main nozzle takes over, the low-speed discharge hole is

closed.

(3) The carburetor is so designed that the fuel-air ratio of the mixture sup-
plied with an open throttle provides economical operation. This ratio is near 15:1 by
weight. i the mixture is enriched to around ll:1 or 12:1, the engine will produce greater
power, even though it will not run quite as economically. To increase engine power for
high-speed or heavy-load operation (as when pulling up a hill), and still maintain reasonable
economy, an additional circuit is included in the carburetor which enriches the mixture
with a wide-open throttle. Several varieties of full-power circuits are described in (a), (b),

and (c¢) below.

(a) Power jet. In some carburetors, a power jet provides the additional
tuel necessary for maximum power at wide-open throttle. The power-jet valve (fig 3), con-
trolled by a vacuum-actuated piston assembly, operates in accordance with the turottle
opening. With the throttle closed a high manifold vacuum is present, and the vacuum-
controlled piston assembly is moved up by atmospheric pressure in the float chamber to the
top of 1its cylinder against the tension of a spring, closing the valve. When the throttle is
opened to a point where additional fuel is required, the manifold vacuum has decreased suf-
ficiently so that the spring on the piston assembly moves the piston down, opening the power
jet to feed additional fuel into the high-speed circuit. The jet valve is sometimes referred
to as the economizer valve since its operation provides full-power operation where needed

and more economical operation at other times.

(b) Metering rod. Instead of using a power jet, some carburetors
accomplish the same result by employing a metering rod (fig 4) which varies the size of the
high-speed jet openings. Fuel from the float bowl is metered to the high-speed circuit
through the calibrated orifice provided by the high-speed jet and the metering rod within it.
From this point the fuel is conducted to the nozzle extending into the venturi. As the throttle
valve 1s opened 1its linkage raises the metering rod in the jet. The rod has several steps,
or tapers, machined on the lower end; and, as it is raised in the jet, it makes the effective
size of the fuel orifice greater, permitting more fuel to flow through the circuit to meet the
load demand 1mposed on the engine. At the wide-open throttle position the smallest step of
the metering rod 1s in the circular opening of the jet, permitting the maximum amount of
fuel to flow through the circuit to meet the requirements of maximum power. The metering
rod position must be synchronized with every throttle valve position so the proper ratio of
air and gasoline is delivered to the engine for all speeds and driving conditions.

(¢) Vacuum step-up. The vacuum step-up (fig 5) operates similarly to
the power Jet. It consists of a step-up piston which is fastened to a step-up rod. When
vacuum develops 1n the intake manifold, as it does under part-throttle operation, atmospheric
pressure holds the step-up piston down against its spring pressure so that the step-up rod
15 held down 1n the step-up jet, thus closing off the jet. With wide-open throttle there will
be a low vacuum 1n the intake manifold and the difference in pressure above and below the
piston 1s small. Consequently, the piston is moved up by its spring pressure and the rod is
raised out of the jet. Then additional fuel for full-power operation is supplied.
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Figure 5. Vacuum step-up circuit.

e. Accelerating pump circuit. The accelerating pump circuit controls a small
amount of fuel that is momentarily discharged into the airstream when the throttle is opened
quickly. This extra amount of fuel is necessary to insure instantaneous response from the
engine on acceleration. When the throttle is suddenly opened, air rushes through both the
carburetor anc. the intake manifold. The air is lighter than the liquid fuel and gets into
motion quickez, so it reaches the manifold before the fuel charge supplied by the high-speed
system. This results in a momentarily lean mixture. To counteract this condition, addi-
tional fuel must be supplied. This is accomplished by the acceleration pump circuit.

(1) The accelerating pump circuit consists of a pump cylinder; a plunger,
mechanically zctuated by a lever mounted on the throttle shaft, or vacuum-operated by
intake manifold vacuum; an intake check valve, located in the bottom of the pump cylinder,
to control the >assage of fuel from the bowl into the pump cylinder; a discharge check
valve; and an :.ccelerating jet to meter the amount of fuel used. A typical arrangement with i
a mechanically actuated plunger is shown in figure 6.

Figure 6. Accelerator circuit.

’ {2) When the throttle is opened, the pump plunger moves downward in its

i cylinder. If the plunger is mechanically operated, the downward movement will be brought

| about by direct linkage with the throttle. If it is vacuum-actuated, a sudden throttle open-

| ing wall cause the manifold vacuum to drop, allowing the accelerating pump spring to force

| the pump plunger down in the cylinder., In either case, the subsequent action of the accel-

| erating pump circuit 1s the same. The downward travel of the plunger forces the fuel past
the discharge check valve to the accelerating jet, which meters the rate at which it is
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discharged into the airstream. Fuel 1s supplied to the pump cylinder throuh the intake
check valve at the bottom. The level of fuel in the pump cylinder when the >lunger is at the
top of its stroke is approximately equal to the level in the fuel bowl. The intake check valve
1n the bottom of the cylinder permits a supply of fuel to reach the cylinder but closes on the
down stroke of the plunger, preventing the fuel in the cylinder from being pished back into
the bowl. The accelerating pump discharge is only needed momentarily wh:n the throttle

is opened suddenly. To prevent the accelerating jet from flowing at constar.t throttle open-
1ings, some models have an air~vent check valve placed between the accelerating jet and
pump cylinder above the fuel level. At steady part-throttle positions, when the pump plunger
is inoperative, no pressure exists on the fuel in the pump cylinder. Under this condition,
the air-vent check valve will be open and the air will enter the passage conrecting the pump
cylinder and accelerating jet, preventing fuel from flowing through the jet. The pr ssure
on the fuel, created by the down stroke of the pump plunger, causes the air-vent check valve
to close against its seat to prevent the fuel from being discharged back into the bowl through
the air-vent passage. On some carburetors, the area above the plunger is connected to the
intake manifold so that the accelerating pump does not work while the enginz is not running.

{3) Successful operation of the accelerating pump depends on a delayed action
that provides a continual stream of fuel from the pump jet after the throttle has ceased
moving. This is to take care of the fuel demands of the engine in the interval that exists
between the time the throttle is opened and the time the high-speed nozzle tegins to dis-

charge fuel.

{a) Some carburetors achieve this action by means of the dry pump. A
pocket of air is maintained in the plunger cup between the plunger and the fuel. When the
plunger is pushed down it compresses this air. The compressed air, in turn, forces the
fuel from the pump cylinder. At the end of the plunger stroke the compresued air expands,
providing the necessary force to continue the fuel discharge. If some of the air below the
plunger is absorbed by the gasoline, a small amount of air escapes downward past the
plunger, replenishing the supply of air necessary for delayed action in the pump cylinder.
A carburetor employing a dry pump does not require an air vent to prevent the accelerating
Jet from flowing at constant throttle opemings. The air remaining in the cylinder is below
atmospheric pressure and does not exert enough force to cause fuel to flow. Some models
use a pump-connector link spring instead of the pump-~connector link. The spring has a
double purpose, one of which is to assist in the delayed action of the pump discharge. When
the throttle is opened suddenly, the plunger is driven down in the cylinder tut the spring is
also slightly compressed. As the spring expands to 1ts normal position, it aids in pushing
the plunger against the air pocket and assists in the delayed delivery of fue. through the
pump jet. The spring will also absorb any strain on the linkage if the pumg jet becomes

obstructed. .

{b) Another type of accelerating pump 1s called a wet purap and functions
w.thzout any cushion of air underneath the pump plunger. For its delayed action, this type
of pump circuit depends upon the pump spring. Its expansion continues the discharge of
fuel for a brief period after the sudden opening of the throttle. This operation :s effected by
a different linkage arrangement. As the throttle 1s closed, the pump-operzating link raises
the plunger in the pump cylinder, compressing tne pump spring. When the throttle is
opened, the linkage permits the spring to drive the plunger downward.

f.  Dual carburetors. Many carburetors, particularly those for e¢ngines with more
than b cylinders, have two barrels. Each barrel is a complete carpuretor with its own idle,
low-speed, and high-speed circuits, and an accelerator-pump discharge jet. There is a
separate throttle valve for ezch barrel, but both are mounted on a single throttle shaft so
that they open and close together. The purpose of the two barrels i1s to spl.t the responsi-
bility of fuel-air mixture delivery to the various cylinders between two semi-independent

OS 403, 3-P7

ERIC

Aruitoxt provided by Eic:

=
O




S Y
55

carburetors. For instance, in an 8-cylinder, in-line engine, one barrel might take care of
cylinders numbers 1, 2, 7, and 8 while the other barrel would take care of cylinders num-
bers 3, 4, 5, and 6. With such an arrangement there would be two intake manifolds, one
feeding one group of cylinders from one barrel of the carburetor and the other feeding the

other group from the other barrel.

g. Choke circuit.

(1) When the engine is cold, the gasoline vapors tend to condense into large
drops on their way to the cylinders. Because all the gasoline supplied to the cylinders will
not vaporize, it becomes necessary to supply a richer mixture to have enough vapor to
assure combustion. This is accomplished by the choke circuit, which is a choke valve plate

placed in the carburetor throat above the venturi,

(2) When a driver operates the choke, the choke valve tilts in the air horn to
reduce the amount of air entering the throat, giving a very rich mixture. Only the volatile
parts of the gasoline will vaporize at cold temperatures; therefore, a rich mixture is nec-
essary. It provides enough ignitable vapor to start the engine. However, if the choke valve
is in the full-choke position, it is completely closed, shutting off the supply of air. Conse-
quently, there is not enough air entering the throat to ignite the gasoline, The necessary
air is admitted in manual chokes by either one of two semiautomatic features.

(a) In one design, the choke valve incorporates a spring-loaded poppet
The poppet is held in the closed position by a weak spring. As soon as the

valve (fig 7).
there is sufficient pressure differential to open the valve, allowing some

engine turns over,
air to flow.

S -
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(b) In the other design, the valve is off-center (fig 8) and operates through
a coiled spring on the end of the choke shaft (fig 9). In the full-choke position the spring
holds the choke valve in the closed position. As soon as the engine turns over an increased
pressure differential overcomes the spring tension and opens the choke valve part way,
admitting a small amount of air to avoid overchoking or flooding the engine. As the engine
warms up the choke valve is gradually advanced to the wide-open position by the operator ta
supply the leaner mixtire required for a hot engine.

OXAL VALVE

Figure 8. Off-center choke valve.
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Figure 9. Automatic choke—thermostatic coil spring.

h. Automatic choke.

(1) The automatic choke (fig 9 and 10) replaces the conventional manual choke.
It not only controls the fuel-air ratio for quick starting at any temperature, but also pro-
vides for the proper amount of choking to enrich the fuel-air mixture for all conditions of
engine operation during the warmup period. The automatic choke is built into the carbu-
retor. it consists of a thermostatic (bimetal) spring and a vacuum piston which opposes the
actior of the spring. The spring is connected to the choke valve in such a manner as to
close the valve when the spring is cold. The vacuum piston tends to open the choke valve
when the engine manifold vacuum is high. The choke valve is mounted off-center on the
choke shaft so that any increase in air velocity through the air horn will tend to open the
valve.
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Figure 10, Automatic choke.

(2) The operation of the automatic choke is dependent on three factors: heat,
intake mamfold vacuum, and the velocity of air passing through the air horn. When the
engine is cold th2 thermostatic spring holds the choke valve closed. When the engine is
started the low pressure (high vacuum) below the throttle valve permits atmospheric pres-
sure to move the piston down and partially open the valve against the tension of the thermo-
static spring. Under varying load conditions during warmup, the position of the choke
valve will be changed by the operation of the vacuum piston working against the thermostatic
spring, and by the air velocity in the air horn. Hot air from the exhaust manifold is directed
to the thermostatic spring so that the spring loses its tension as the engine is heated. This
permats the choke to open gradually and, after it reaches full -open position, it is held open
by the action of the intake manifold on the piston. The absence of tension on the heated I
thermostatic spring and the velocity of the air passing through the air horn will also help to
keep the choke open. When the engine is stopped the thermostatic spring cools and closes
the choke valve. The choke valve is fully closed at a temperature of approximately 70° F.

3, CARBUXETOR TROUBLESHOOTING.

a. Gereral instructions. Efficient operation of a gasoline engine requires that the
engine, the fuel system, and the ignition system must operate properly. If any component
1s not up to spec:fications, poor engine performance will result. Similar symptoms may
result from faulty operation of any of the components. The only way of being sure that a
given trouble, such as poor gasoline mileage or hard starting, is being caused by the car-
ouretor 1s to first check the engine, ignition system, and the fuel system excluding the car-
buretor. It will also be found that many causes of poor gasoline mileage are the result of
bad driving habits or conditions such as excessive use of low speeds in accelerating, sus-
tained high speeds, and stop and start "'city'! driving.

b. Prcecedures. It is obvious that the best way to troubleshoot a carburetor is
while 1t 1s mounted on an operating engine. The repairs and adjustments required can best
be determined while operating the engine under all conditions. Paragraph c below lists
complaints whick. may be caused by a defective carb.retor. However, it should not be
assumed that, when these symptoms are present, the fault is always in the carburetor.

5
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c. Malfunctions and their causes.

{1} Poor gasoline mileage due to rich mixture.

(a) Excessive black smoke emitting from the exhaust pipe and sooty
deposits on spark plugs usually result when poor gas mileage is noted. Some of the causes

are as follows:
1. Float level set too high.

The metering jet is too large or the nietering rod is too small.

2.

3. The nozzle gasket was left off when the carburetor was as sembled.
4. The metering jet or nozzle is loose.

5. The accelerating pump air vent is clogged.

6. The air bleed hole in the fuel discharge nozzle is stopped up.

7. Holes inthe main vent tube are clogged.

8. The fuel pump pressure is too high.

9. The metering rod spring is not connected to the rod.

10.  The air cleaner is dirty or clogged.

11. The bowl cover is warped or the cover gasket is damaged.
12, The vacuum passage to the step-up piston is plugged.

13. The choke is stuck in a partially closed position,

(b) White oxide deposit on spark plug insulators and no black smoke from
the exhaust pipe 1s an indication of the mixture being too Jean. It can be caused by:

1. The float level set too low.

The metering jet too small or the metering rod too large.

Y

3. Two gaskets placed under the high-speed nozzle when the carbu-

retor was installed.

.  The high-speed fuel passage restricted.

£

(2) Vehicle is hard to start.

(a) During cold weather this is probably due to:

1=

. The choke not closing properly.

2. The float bowl drain plug leaking.
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(b) While the engine is hot, hard starting may be caused by:
1. The automatic choke not opening soon enough.
2. The antipercolator not opening properly.
(3) Lack of power. Normally, the same problems that cause poor gas mile-

age will also cazuse an engine to lack power. In addition, depending on the type carburetor
used, the following should be checked when performance at wide open throttle is poor:

(a) Piston of the vacuometer not operating.
(b) Piston in the step-up system not operating.

(4) Poor idling performance.

(a) If the engine rolls or gallops during idle, it is usually a result of the
fuel-air mixture being too rich. Some of the causes are:

1. The idling jet improperly adjusted.

2.

3. Air bleed passages clogged.

4. Metering hole in the low-speed jet worn too large.

5. Idle adjusting screw damaged as a rest-.\lt of overtightening.

6. The economizer is oversized.

(b) 1If the engine misfires and vibrates excessively while idling, a lean

Carbon deposits in the bore of the idling jet.
mixture is indicated. This can be caused by:

1. Idling jet improperly adjusted.

2. Air leaking around the intake manifold gasket.
3. Carburetor flange gasket not tight, allowing air to enter, 1
4. Leaking around the carburetor main body gasket.

5. Throttle shaft bearings worn. i
6. A clogged economizer. 1
1. The idle orifice tube or metering hole in the low-speed jet clogged. . i
8. Aloose idle port plug.

(5) The engine falters or pops back through the carburetor during acceleration.
This type malfanction is normally a result of an insufficient discharge from the accelerating
pump circuit. One method of checking it is to remove the air filter and, with the ignition
off, suddenly cpen the throttle all the way while looking into the carburetor throat. If the
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pump is operating, the discharge stream of fuel can be seen. This check can be made only
if the pump is operated by mechanical linkage. If the system is found to be fauity, check

for the following:
(a)
(b)
(c)
(d)
(e)
()
(g)
(h)

Clogged or sticking intake and discharge check valves.
Worn leather on the plunger piston,

A weak pump spring.

Improperly seated ball checks.

A blocked pump passage.

Insufficient travel of the piston.

A clogged vacuum passage.

Air leaking into the vacuum passage.

(6) Carburetor floods or leaks. This malfunction will be noticed during
starting, running, and idling. It can be recognized visually, by smell, or by engine per-
formance. The following can cause this condition:

(a)
(b)
()
(d)
(e)
(f)
(8)
(n)

The float level set too high.

A clogged bowl vent.

An improperly seated bowl gasket.

A worn needle or seat in the float jet.

A damaged float jet seat gasket.

Foreign matter lodged between the needle and seat,
A binding float needle.

A cracked bowl.

(7) Engine starts and idles but will not run at high speeds. This can be

caused by:
(a)
(b)
()
(4)
(e)

A clogged high-speed jet, nozzle, or passage.
A blocked air cleaner.

Insufficient fuel from the fuel pump.

A clogged fuel filter.

A blocked muffler or tailpipe.
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4. CAFBURETOR MAINTENANCE. All carburetors are similar as far as castings,
locations of passages, jets, and nozzles are concerned. Maintenance personnel, however,
should realize the need for using the proper repair kit when overhauling a carburetor. All
carburetors nave a nameplate attached, which gives the model and number of the carburetor.
When ordering replacement parts or repair kits, this model and number should be mentioned
to assure that the correct parts or repair kits are furnished.

a. Disassembly. Before disassembling any carburetor, disconnect the control
linkage and remove the carburetor from the engine.

(1) To disassemble the bowl cover, disconnect the throttle connector rod at
the pump arm and remove the screws attaching the bowl cover; then lift out the bowl cover
with all the parts attached. Remove the metering rod (if used), float pin, needle and seat,
pump link and plunger, and the pump arm and collar assembly from the bowl cover. The
nozzle assemrbly extends into the primary venturi of the air horn; and the nozzle passage
plug, the nozzle retainer plug, and the nozzle assembly must be removed before the air horn
can be removed. While detaching and lifting the air horn assembly, be careful not to dam-
age the choke spring. Remove all parts from the body casting. It is best to remove all of
the parts that can be removed with one size of screwdriver or wrench and with a minimum
of shifting the casting before changing tools or moving the work.

{2} As the various sections of the carburetor are disassembled, they should
be laid out by circults, preferably in a clean, divided tray and on a well~lighted workbench.

b. Inspection, repair, and reassembly.

(1) The idle passages, the idle bypass hole, and the economizer in the body
casting must be absolutely clean. Soak the casting for a short time in an approved cleaning
solvent and then blow out the passages with compressed air. The carburetor bore must be
free from any foreign deposit around the throttle valve. The accumulation of this deposit,
to which all carburetors are subjected during prolonged low speed operation, is generally
overlooked by an untrained or careless carburetor serviceman. No other factor will con-
tribute as much toward causing rich idle and low-speed operation as does this deposit,

which affects throttle operation.

{2) Soak the parts of the air horn and bowl cover in cleaning solvent, and blow
them dry with compressed air. Inspect the air horn for an out-of-round condition. Look
for dents 1n the venturis, and check for wear of the choke shaft bearings. Also inspect the
oowl cover for warpage. A wire basket usually facilitates the cleaning of the smaller parts.
Those parts which are to be replaced by parts furnished in the repair kit, such as the low-
speed jet, gaskets, ctc, need not be cleaned. Whenever a carburetor is to be completely
overhauled, the installation of all the parts furnished in the repair kit package is recom-
mended. The package usually includes the following parts: low-speed jet, nozzle assem-
bly, float pin. needle and seat, pump jet, strainer, pump arm, pump plunger, metering rod
and Jet, throt:le shaft lever, throttle connector rod, pump checks, metering rod disk, and
all necessary gaskets, plugs, screws, felt packing, springs, and retainers for complete

servicing.

'3) After the carburetor body casting has been cleaned, it should be inspected
to insure that the nozzle gasket has been removed from the high-.peed passage, that all
foreign accumulations and dirt have t2en removed from all passages and surfaces, and that
the 1dle port 18 clean and has not been damaged. Check al. shoulders and the seats of check
valves, low-speed jet, nozzle, and screw plugs so that ports which have been damaged may
be replaced. All of the carburetor circuits and their components should be inspected.
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{4) Since the fuel enters the bowl through the float valve, the level of the fuel
1s controlled by the float setting. This float must not be bent out of shape, damaged, or
worn, and the float lip must be smooth. Smoothing of the lip may be done with a fine emery
cloth, 1 necessary. The float valve needle and valve seat must be checked for wear. Fig-
ure 11 shows enlarged views of a good float valve needle and a badly worn one. Check the
needle by shiding the edge of your thumbnail over the seating surface. A groove, caused by
contact with the seat, denotes wear of the needle's seating surface and indicates a corre-
sponding amount of wear on the needle valve seat. Needles and seats are obtainable only
as matched sets and should be replaced as such.

S

Good Bad

Figure 11, Enlarged view of a float needle valve.

(5) Group together all carburetor parts that control the fuel level. The group
should consist of a float pin, needle valve, valve seat, bowl cover, and bowl gasket. These
component parts may now be put back together. Install the valve seat and gasket assembly
first, and then the needle valve, float, lever assembly, and float pin. Detect wear on the
float pin by sliding a fingernail along the surface of the pin in the manner recommended for
checking the needle. The float pin hole in the float must not show wear. If you can visually
notice any wear, replace the part. Figure 12 shows the correct method used in checking
the float level., Make the necessary adjustments by bendin, only the float lip. ,Check the
applicable technical manual for the correct setting.

{6) Begin the inspection, repair, and assembly of the low-speed circuit with
the inspection of the low-speed jet. When a new low-speed jet is installed, the straight end
15 forced 1nto a tapered seat in the casting to form a seal. When the low-speed jet is
removed, 1t 1s doubtful whether or not a satisfactory seal can again be effected between the
upper tip of the jet and the body casting. Therefore, it is important that the low-speed jet
be replaced with a new one whenever it is removed for any reason. There should be one
copper gasket under the head of the low-speed jet. Visual inspection of the throttle valve
should not show any camage. The valve must be installed with the stamped trademark facing
the idle port and the mounting flange.

{7) Group together all of the parts which control the low-speed operation.
The group should consist of the low-speed jet and gasket, idle port plug, throttle shaft,
valve, and screws. Back out the throttle lever adjusting screw, Position the throttle valve
so that the smaller letter "¢, ''inside a circle, or the part number stamped on its face is
toward the idle port facing the manifold side of the flange. DBe sure to center it before
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tightening the screws. Next, install the idle adjustment screw and spring, idle port plug,
ard a new low-speed jet. Be sureto install a new copper washer 1in the body of the casting
Lefore installing the jet.

Figure 12. Setting the float level.

(8) The next items to be laid out, inspected, repaired, and reassembled are
parts of the pump circuit. Group together all parts of the pump circuit. This group should
include the plunger assembly, pump spring, pump connector lLink, intake and discharge
checks, strainer, check passage plug and gasket, pump jet and pump jet plug, pump arm
and collar assembly, felt washers, pump cylinder bushing gasket {cork), and necessary
retainers for the pump link. The leather gaskets should be soaked in oii to soften them,
and they must be clean and in good condition. The plunger itself must be carefully insexted
into the cylinder by means of a cylinder loading tool. Install 2 new pump cylinder gasket.
This gasket must be replaced each time the top of the pump cylinder is removed. The
check valves and the pump jet must be clean and the parts undamaged. Each of these units
must effect a tight seal in the casting. You cantest the check valves for free operation by
blowing through the assembly. All of the linkage must be {ree from backlash so that the
pump plunger will move as soon as the throttle begins to open. The felt packing on the bowl
cover countersh.iit should be lubricated with engine oil. Other parts of the linkage must not
be lubricated but should be kept clean.

{(9) Install the pump jet and the pump jet plug, placing a new gasket in the
casting before installing the pump jet plug. Next, install the pump discharge check valve
and the intake check valve. Insert the strainer in the check valve passage plug and place a
new gasket 1n th2 casting before installing the plug.

(10) Inspect the component parts of the high-speed system. noting whether the
nozzle 1s clean and undamaged. It is a common error to install the nozzle with two nozzle
zaskets or with a0 nozzle gasket at all. Either of these incorrect installations will result in
unsatisfactory performance. The nozzle fits into the small venturi with the f{lat side up.

To properly install a nozzle, hold it stationary while you tighten the nozzle plug. The
metering rod disk must be {ree to move on the metering rod so that it may provide an effec-
tive air seat at the metering rod hole in the bowl cover. The metering rod spring must be
hooked to the matering rod, which holds it in a steady position in the metering rod jet.

/1
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{11) Group all of the parts controlling the high-speed circuit together, includ-
ing the nozzle assembly, gasket, retainer plug, nozzle passage plug and gasket, metering
rod and disk, and the metering rod jet and gasket assembly. Start reassembling the high-
speed circuit by installing the bowl cover assembly and cover gasket, the pump connector
link, the throttle shaft arm, and the throttle connector rod. Metering rod adjustments are
always made during the overhauling of the carburetor or at definite service maintenance
periods. The metering rod must be properly gaged after backing out the throttle stop screw
located 1n the throttle lever until the throttle valve is fully closed, or the amount of fuel
delivered by the high-speed circuit will be incorrect throughout its entire range. Open the
throttle and insert a metering rod gage in the place of the metering rod. Seat the tapered
end of the gage in the metering rod jet. With the throttle valve tightly closed and the gage
seated 1n the metering rod Jet, there should be less than 0.005-inch clearance between the
metering rod pin and the shoulder of the gage. To make an adjustment, bend the throttle
connector rod to the necessary angle, using the slotted port:on of the tool with the grip
handle and bar. When the adjustment has been made, remove the metering rod gage and
reinstall the metering rod and disk.

Note. - Answer the questions below.

31, Essentially, the high-speed circuit in a carburetor consists of the
a. main nozzle.
b, air horn.

c. needle valve.

32. What do some carburetors use instead of a power jet?

a. Air bleed
b. Choke circuit
c. Metering rod

33, Which circuit provides fuel delivery during closed throttle operation?

a. Idle and low-speed
b. High-speed
c. Accelerating pump

34, Where does the stepped-end of the metering rod fit?

a. In high-speed jet
b. On top of float
c. Under step-up piston

35, What forces the accelerating pump plunger down in the cylinder if the pump plunger is
vacuum-actuated?

a. Vacuum
b, Linkage
¢. Spring

36. Which circuit supplies additional fuel when the throttle is suddenly opened?
a. Accelerating pump

b, High-speed
c. Full-power
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37.

38.

39.

40.

42.

What forces the fuel from the float bowl through the idle circuit and -at the discharge
hole?

a. Atmospheric pressure
b. Accelerator pump
c. Airflow through venturi

What holds the poppet in the choke circuit in the closed position?

a. Metering rod
b, Airflow
c. Weak spring

What controls the two throtitle valves in a dual carburetor?

a., Single accelerator pump circuit
b, Single shaft mounting
c¢. Thermostatic springs

What opens the off-center choke valve part way when the engine initially starts?

a. Engine speed
b, Spring tension
c¢. Pressure differential

What are the two types of accelerating pumps?
a. Dryand wet

b. Plurger and rotary

c¢. Positive and variable

Where 1s the intake check valve located in the accelerating pump circuit?

a. Next to accelerating jet
b. On bottom of pump cylinder
c. Ontop of discharge check valve

What will occur if the fuel level in the carburetor bowl is too high?

a. The mixture will be too lean
b. The float will fill with fuel
c¢. The fuel consumption will be extremely high

What provices the heat for the thermostatic spring in an automatic choke?

a, Exhaus: manifold
b. Cylinder head
c. Intake manifold

There is a relatively high vacuum in the in. ..¢ manifold when the
a. engine 1s operating at high speeds.

n. throttle is closed,
c. throttle is open,
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46.

47.

43.

49.

What helps to produce fuel flow when the pressure differences between the upper and
lower portions of the air horn are low?

a. Venturi
b. Needle valve
c. Air bleed

Where is the main nozzle located?

a. In the venturi
b. Below the throttle valve
c. In the low-speed circuit

What holds the step-up piston down against its spring pressure during part-throttle
operation?

a. Atmospheric pressure

b. Low-intake manifold vacuum

c. Main metering rod

Which part must have its position synchronized with every throttle valve position?
a. Needle valve of float circuit

b. Piston in the accelerating circuit

c. Metering rod

Where is the choke valve plate located?

a. Below the throttle valve

b. In the intake manifold
c. Above the venturi
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STUDY TEXT

1. For zn understanding of the principles of air-fuel induction and supercharging

systems, study paragraphs 2-1 through 4-1 of ST 9-177.

2. For an understanding of the principles of operation, construction, and maintenance

of the Sin monds fuel injection system, study paragraphs 5-1 through 7-5 of ST 9-177.

Note. - Answer the questions below.

-

51.

53.

W
o~
.

57.

What is a disadvantage of supercharger equipped engines in comparison to conventional
carbureted engines?

a., Less response is attained for the throttle position
b. Less torque can be attained at high revolutions per minute
c. Less economical with respect to fuel consumption

In what type fuel injection system is it difficult to vary the fuel input among all
cylinders at a uniform rate ?

a. Continuous flow
b, Timed injection, common rail distribution
c. Timed injection, independent distribution

In timed injection, when is combustion chamber injection more effective than port
injection?

a. During idling speeds
t. During initial acceleration
c. During extremely high speeds

Which is a characteristic of a fuel injected gasoline engine in comparison to a
conventional carburetor engine?

a. Finer degree of fuel filtration is necessary
b. Backfiring occurs more frequently

c. Lagtime is greater during acceleration

Which model of the Simmonds injection pump is used on the AVSI 1790-6 engine?

a. SU 15-G
b, SU i5-D
c. SU 15-C

What regulates the position of the servovalve and skew shaft in the injector pump?

a, Wobble plate .
b. Sandwich piece
c. Tuning springs

What conaditions in the injector pump will NOT affect the servovalve opening?

a. When the skew shaft is low, with increased manifold pressure
b. When the skew shaft is high, with decreased servo oil pressure
c. When the plunger stroke is long, with decreased manifold temperature
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58, What component of the injection pump used on supercharged engines reduces the fuel
flow correspondingly with reduced airflow at high speeds?

a, Wobble plate
b, Metering control valve
c. Adjustment screw

59, What will cause a fuel injected engine to emit excessive smoke while operating?

a, Leak in manifold line
b, Low fuel supply pressure
c. Restricted fuel lines

60, How will a fuel injected engine react if the metering valve hangs open?

a. Engine idling will be rough
b. Engine will not accelerate
c¢. Engine will pop under load conditions

61. Why is maximum economy difficult to achieve in an engine?

a. Incomplete mixing of fuel and air
b. Excessive atomization and vaporization of fuel
c. Completely burned fuel

62. What is a limiting factor of a carburetor fuel system for an engine operating at higher
speeds?

a. Long intake manifold aids vaporization of fuel
b, Large venturi limits fuel supply
c. Small intake manifold to retain air velocity

63, What statement in relation to gases is correct?

a, Volume is decreased if temperature is increased
b. Volume is halved if pressure is doubied
c¢. Volume is increasged if pressure is applied

64, What increases the power output of a supercharged engine ?
a, Higher compression pressure
b, Lower burning temperature of gases

c¢. Decreased density of fuel-air mixture

65. What device is used to compensate for the increase in cylinder head temperature of a
supercharged engine ?

a, Air horn
b. Manifold heater
c. Heat exchanger
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$6. Which is a disadvantage of a supercharged engine?

a, Less engine weight
b, Higher fuel consumption
c. Unimproved torque output

67. What type compressor (pump) is normally used for extremely high speed supercharged
engines?

a., Centrifugal
b. Diaphragm
¢, Reciprocating

58. Why is the fuel-air mixture requirement of an engine at idling speeds richer than it is
for power or the high-speed phase?

a, Exhaust gas dilution is at its minimum
b. Exhaust gas dilution is at its maximum
c. Fuel-air mixture is about 16:1

69, Which component of the injector pump contains self-lubricating qualities?

a, Wobble plate
b, Main shaft
c. Skew shaft

70. What may result when the oil pressure delivered to the Simmonds fuel injector pump is
less than 28 PSI?

a, Poor engine idling

b. Fast engine idling
c. Rich air-fuel mixture
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Lesson Objective . , , . . . . « o« « +» + » . After studying this lesson you will be able to:

1. Explain some of the advantages of a multi-
fuel engine.

2. Describe the construction of a multifuel
system.

3, Explain the operation of a multifuel system,
4, Describe the principles of a diesel engine,

5. Describe the principles of a multifuel
engine,

6, Describe the principles of a gas-turbine
engine,

Study Assignment . . . . + .+ « + s o« o . Study the text that follows. It will provide you
with information on the philosophy of multifuel
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multifuel system, and the principles of diesel,
multifuel, and gas-turbine engines.

Materials Required . , . .+ + . .+ .. . « Exercise response list and answer sheet.

Suggestio™s, . . 4 s 4 s s s e e s o s o o o » Study each illustration as you study the text.
STUDY TEXT

1. INTRODUCTION.

a, The key to winning future wars will be mobility. Mobility implies more trans-
port of more people and more weapons than we have ever moved before.  The vehicles
needed to accomplish greater mobility may some day be powered by turbines, {ree-piston
engines, or nuclear reactors. For the present, however, our vehicles must rely on con-
ventional piston engines.
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b. The single factor of fuel consumption is being attacked, not only because of
the dire prophecies of ultimate depletion of our petroleum resources, but because reduction
1n fuel consumption by our forces means overall reduction in expenditures of time,
machines, and transportation.

c. Since the piston engine remains our primary powerplant, it is obvious that
maxamum improvement in economy must be achieved, This can best be done through the

use of compression ignition engines,

d. Why are multifuel engines an answer to our problem? No matter how a barrel
ot crude oil 15 refined, one of the major end products is gasoline. The requirements of the
Armed Forces and internal transport will govern the total quality of middle -distillate fuel
that will be available, In addition, the demand by these services for middle distillates and
heavier fuels makes 1t evident that gasoline is the only fuel that will be in relatively long
supply, Therefore, it is desirable to have the engines of ground vehicles that operate on
middle distillates also be capable of burning gasoline,

e. Compression ignition engines that will run on gasoline can also become engines
that will run on fuels of higher cetane, An engine that will operate over a workable fuel
spectrum will enable our Armed Forces to fight anywhere in the world on fuels shipped from
the continental United States, from its allied producing areas, and on fuels available in the
area of action itself,

£, The reason the military has a need for multifuel engines is due to the logistical
problem. It1is weil known that military operations in any area of the world will involve a
large amount of automotive equipment. The fuel required to keep the equipment running is
enormous, and the transportation of this fuel is a great problem. The burden of transporting

fuel required would be reduced if engines would do the following:

(1) Utilize all available fuel in the range from medium octane gasolines
through the middle distillates, This would vastly increase the amount of usable fuel avail-

able to automotive vehicles.

{2) Operate efficiently on any fuel that is available in its area of operation.

(3) Give better fuel economy than existing powerplants,

g. The multifuel engine is the only powerplant concept that will have the omnivorous
but restrained appetite needed to meet these requirements,

2. PHILOSOPHY OF MULTIFUEL ENGINES,

a. A multifuel engine is defined as an engine that meets the following Army
requirements:

(1) The engine must operate on most types of petroleum fuel without manual

adjustment,

(2) It must start and operate at temperature ranges from -25° Fto +115° F
without off-engine auxiliary equipment,

(3) It must develop full engine power output on any fuel (proportional only to
the specific heat ol each fuel).

(4) The engine-cooling system package must weigh no more than 6 pounds per
horsepower developed,
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b. The first step in developing a inultifuel engine was selecting the type of engine
that could best be converted, The first engine examined was the one used most extensively
by the Army - the gasoline engine. The gasoline engine was readily eliminated for the

following reasons:

(1) Gasoline engines operate on high octane, highly volatile fuels, which can
only be produced from a small area of the available fuel spectrum.

(2) Fuel economy in gasoline engines is poor, even with the much publicized
gasoline injection system. Since shipping of fuel (which exceeded 50 percent of all supplies
shipped 1n World War II and the Korean Conflict) is strictly a logistical problem, gasoline
engines are not economically practicable.

c. Other engines, such as the gas turbine and free piston engines, are truly
multifuel engines. Gas turbines show much promise. Development programs are being
conducted 1n the 600-horsepower range and also the 300 horsepower area, These turbines

re expected to approach diesel engine fuel economy at part and full load.

d. The diesel engine was selected because it is an internal combustion engine
like those previously discussed. It requires air, fuel, and ignition,

3. DIESEL ENGINES,

a. Defimtion, A diesel engine is an internal combustion engine in which ignition
1s derived from the heat of compression, The diesel engine requires no aid for ignition;
the tuel being 1gmited solely by contact with the air heated during the compression stroke,

b. Historv. The diesel engine bears the name of Dr. Rudolph Diesel, a German
engineer. He is credited with constructing, in 1897, the first successful diesel engine
using liqu:d fuel, His objective was an engine with greater fuel economy than the steam
engine, which used only a small percentage of the energy contained in the coal burned
under its boilers. Dr., Diesel originally planned to use pulverized coal as fuel, but his
first experimental engine in 1893 was a failure. After a second engine also failed, he
changed his plan and used liquid fuel. The engine then proved successful.

c. Applications, The diesel engine today can be used for almost as many pur-
poses as can the gasoline engine, The early diesel engines were large and heavy compared
to gasoline engines and were used chiefly for heavy duty stationary applications, Constant
improvement through the years has brought them to the point that they can be used success-
fully in trucks and buses. They are still relatively heavy and expensive (initial cost) when
compared to their gascline counterparts, but their high thermal efficiency makes tl.2m
quite suitable for any heavy duty application, where, over a long period of time, they will
pay ior themselves many times over in fuel savings., One of the most recent applications
has been in the field of armored combat vehicles, with the introduction of the Mb0 tank,
which 1s powered by an air-cooled diesel engine.

d. Dresel engine classifications. The major classification of American diesel
engines 1s established by the speed at which the engine normally operates, The Society of
American Engineers has set up a standard classification that is followed by all American
manufacturers. This classification is as follows:

(1) Low speed - below 500 RPM (revolutions per minute),
(2) Medium speed - 500 to 1,000 RPM.

(3) High speed - over }, 000 RPM.
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e. General mechanical construction, The diesel engine is mechanically similar
to the gasoline engine but is somewhat heavier in construction due to higher cylinder
pressures. Both engine types utilize air, fuel, compression, and ignition, Intake, com-
pression, power, and exhaust occur in the same sequence; arrangements of pistcns, con-
necting rods, and crankshafts are similar, Both are internal combustion engines; that is,
they extract energy from a fuel-air mixture by burning the mixture inside the engine.

f. Principles of the 4-stroke diesel cvcle.

(1) Fuel intake and ignition of fuel-air mixture, In principles of operation,
the main differences between 4-stroke cycle gasoline and diesel engines (fig l)are the
methods of introducing the fuel into the cylinder and of igniting the fuel-air mixture. Fuel
and air are mixed together before they enter the cylinder of a gasoline engine. The mixture
1s compressed by the upstroke of the piston and is ignited within the cylinder by a spark plug.
Air alone enters the cylinder of a diesel engine on the intake stroke. The air is compressed
by the upstroke of the piston and the diesel fuel is injected into the combustion chamber
near the top of the upstroke (compression stroke). The air becomes greatly heated during
compression and the diesel fuel ignites and burns as it is injected into the heated air. No
spark plug is used in the diesel engine; ignition is by contact of the fuel with the heated air,
although ''glow plugs" are used in some models of diesel engines to assist in star‘ing.
Pressure developed by the compression stroke is much greater in the diesel engine, in
which pressures as high as 500 pounds per square inch (PSI) are common, For each pound
of pressure exerted on the air, there will be a temperature increase of about 20 F. At the
top of the compression stroke (when pressure is highest), the temperature in the chamber
will be about 1, 000° F, This heat ignites the fuel almost as soon as it is injected into the
cylinder, and the piston, actuated by the expansion of the burning gases, then moves down
on the power stroke, In a gasoline engine, the heat from compression is not enough to
ignite the fuel-air mixture so a spark plug is necessary. .

(2) Control of speed and power, The speed and the power cutput of diesel
engines are controlled by the quantity of fuel injected into the cylinder, This is opposed to
the common gasoline engine that controls speed and power output by limiting the amount of
air admitted to the carburetor, The difference is that the diesel engine controls the quantity
of fuel, whereas the gasoline engine regulates the quantity of air. In the diesel engine, a
varying amount of fuel is mixed with a constant amount of compressed air inside the
cylinder, A full charge of air enters the cylinder on each intake stroke, Because the
quantity of air is constant and the amount of fuel injected is below the maximum established
by the manufacturer in designing the engine, there is always enough air in the cylinder for
complete combustion, A device in the carburetor of the gasoline engine controls the amount
of air admitted. The amount of air and its velocity, in turn, control the quantity of fuel
that is picked up and mixed with air to be admitted to the cylinder, The amount of mixture
available for combustion determines power output and speed. The controlling factor in the
speed and power output of a gasoline engine is the amount and velocity of air passing through

the carburetor,

(3) Combustion process. In the diesel engine, there is continuous combustion
during the entire length of the power stroke, and pressure resulting from combustion re-
mains approximately constant throughout the stroke. In the gasoline engine, however, com-
bustion is completed while the piston is at the upper part of its travel. This mear. that the
volume of the mixture stays about the same during most of the combustion process. When
the piston does move down and the volume increases, there is little additional combustion
to maintain pressure, Because of these facts, the cycle of the gasoline engine is often
referred to as having constant volume combustion while the diesel cycle is said to have

constant pressure combustion,
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g. Principles of the 2-stroke diesel cycle.

(1) Operating principles.
cycle in that one power stroke occurs for each revolution of the

figure 2, Intake, compression, injection, power, and exhaust still take place, but they are
completed in just two strokes on the piston (one revolution of the crankshaft), Also, in
many engines there are no intake or exhaust valves, Instead there are intake and exhaust

ports which are cut into the cylinder wall, These ports are cov
piston at the proper times to provide for the intake of air and th

of combustion. Some engines have intake ports in the cylinder wall, but have exhaust valves
One of the main advantages of using ports rather
than valves 1s that there are fewer moving parts in the engine, and thus fewer maintenance
Since the time for intake and exhaust is limited in the 2-stroke diesel cycle

in the top of the combustion chamber,

problems.
engine, air is usually supplied under pressure by a blower. Be

bustion are usually being exhausted when the intake ports are uncovered, the incoming air
helps push these exhaust gases out of the cylinder, This effect
the airflow during scavenging in a typical 2-stroke cycle diesel
upper left of figure 2, Another advantage of scavenging is that,
air to the cylinders under pressure, more air can enter the cylinders than would be able
Thus, there is mor

to enter if the pressure were atmospheric,
combustion of the diesel fuel,

The 2-stroke diesel cycle differs from the 4-stroke
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Schematic diagrams depicting the 2-stroke diesel engine.
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(2) Applications. The 2-stroke cycle is used for both spark ignition and com-
pression igmtion engin. i, However, its use for the spark ignition engine is normally
restricted to those of low power output, such as power lawnmowers, portable air com-
pressors, and portable marine engines. The ?-stroke gasoline engine is rather inefficient
because some of the incoming charge, which includes fuel, may be losi to the atmosphere
through the exhaust ports in order to obtain high power output per unit displacement, The
diesel engine made the 2-stroke cycle practical, It will be recalled that the iniake charge
of the diesel engine consists only of air. Therefore, no potential chemical energy is lost
should some of the charge be expelled to the atmosphere through the exhaust ports. In fact,
such a condition will assure more complete scavenging of exhaust gases and, hence, a
maximurn amount of air 1s available in the combustion chamber to burn the incoming fuel.

h., Comparison of the 2-stroke and 4-stroke diesel cvcles, Since the 2-stroke
cycle has one power stroke per crankshaft revoluiion while the 4-stroke cycle produces one
power stroke per two revolutions, it should first appear as though the 2-stroke cycle engine
would be capable of delivering twice as much power as a 4-stroke cycle engine of the same
piston d:splacement. However, there are many practical considerations which limit the
power of a 2-stroke cycle engine to less than twice as much as the output of a comparable
4-stroke cycle engine. Due to the factors discussed in the next two paragraphs, it will be
seen that both the 4-stroke cycle and the 2-stroke cycle diesel engines have their advantages
and disadvantages.

(1} Characteristics affecting power output. To allow for reasonable scavenging
of the exhaust gases from the cylinder of a 2-stroke engine, the exhaust valves or ports must
open earher than in a 4-stroke cycle engine. Thus, the effective power stroke in a 2-stroke
cycle engine 1s shorter than in a 4-stroke cycle engine with the same total piston travel,

In addition, the incoming air must help scavenge the exhaust gases in a 2-stroke cycle engine
and, thus, less air is actually available for combustion purposes than in a 4-stroke cycle
engine with the same pistc, displacement. This is compensated for, to a certain extent, by
the fact that most 2-stroke cycle diesel engines use a blower that forces air into the cylinder
under pressure. The power required to drive the blower on a 2-stroke cycle engine must be
furnished by the engine itself, and this, of course, decreases the power output.

{2) Eeat dissipation characteristics. An important factor to consider when
evaluating the reiative merits of the 2-stroke and 4-stroke diesel cycles is heat dissipation
characteristice. In a i-stroke cycle engine, there is more opportunity for the dissipation
of heat from valves, pistons, and other critical engine parts, since a power stroke occurs
on every othe: revolution; whereas, in the 2-stroke cycle engine, a power stroke occurs
on every revolution of the crankshaft. In view of this, 4-stroke cycle engines can operate
without experiencing as much overheating or valve damage. This can be somewhat compen-
sated for in 2-stroke cycle engines through proper cooling system design.

1. Diesel fuele, The fuels used in modern high-speed internal combustion diesel
engines are o product of the petroleum refining process. They are heavier than gasoline
because they are obtained from the leftovers, or residue, of the crude oil after the more
volatile fuels, such as gasoline and kerosene, have been removed. The large, slow running
diesel engines used in stationary or marine installations will burn almost any grade of heavy
fuel oil, but the high-speed diesel engines used in automotive installations require a fuel
almost as light as kerosene, Although the diesel fuel is different from gasoline, its speci-
:1cation requirements are Just as exacting as those of gasoline, Of the various properties
to be considered in selecting a fuel for diesel engines, the most important are cleanliness,
viscosity, and ignition quality.
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{1} Cleanliness. Probably th. most necessary property of a diesel fuel is
cleanliness. The fuel should not contain more than a trace of foreign substance; otherwise,
fuel pump and i1njector difficulties will occur. Diesel fuel, because it is heavier and more
viscous than gasoline, will hold dirt in suspension for longer periods of time. Therefore,
every precaution must be taken to keep dirt out of the fuel system or to eliminate it before
it reaches the pumps. Water is more objectionable in diesel fuels than it is in gasoline
secause it will cause ragged operation and corrode the fuel system. The least amount of
corrosion of the accurately machined surfaces in the injection equipment will cause it to
become tnoperative. Careful filtration is especially necessary to keep diesel engines
efficient, Diesel fuels are more viscous than gasoline. They contain more gums and more
abrasive particles, which may cause premature wear of the injection equipment. The
abrasives may consist of material difficult to eliminate during the process of refining, or
they may enter the fuel tank through careless refueling. Whatever the source, it is impera-
t:ve that meaas be provided to pratect the system from these abrasives. Most diesel engine
designs include at least two filters in the fuel supply systems to protect the closely fitted
parts in the pumps and nozzles. The primary (coarser) filter is usually located between
the supply tank and the fuel supply pump. The secondary (finer) filter is found between the
fuel supply pump and the injection pump. Additional filtering elements are frequently
installed between the injection pump and the nozzle. Diesel fuel oil filters are referred to
as full-flow filters, since all fuel must pass through the filters before reaching the injector
pumps. Filters must be inspected regularly and cleaned or replaced 1if maximum efficiency
15 to be maintained. There are two types of fuel filters commonly used in the fuel supply
systems of diesel engines— the metal-disk-type and the cloth-bag-type. A diesel oil filter
usually ncorporates an air vent or air bleed to release any air that might accumulate in the
filter wuring operation.

(a) All metal-disk-type filters have a cleanable element. These filters
are used as primary filters berause the fine particles that may pass through them are not
:njurious to the supply pump, as they would be to the injection pump. After removing the
shell, which acts as a settling chamber, the strainer assembly can be removed and cleaned
with a suitable liquid cleaning solution, Compressed air should not be used on the strainer
assembly disks, Some fuel filters incorporate a cleamng knife., Solids larger than 0, 005
wnch remain on the outside ot the element, and the cleaning knife serves to scrape the
deposits oif the filtering disks. The solids fall to the bottom of the housing where they can
be removed through the drain plug hole, A ball relief valve in the filter cover enables the
fuel oil to bypass the filter element if the disks become clogged.

(b) The cloth-bag-type (fabric) filters, because of their greater filtering
gualities, are used principally as main filters for protecting the fuel injection pump. Many
ot the filters in use are similar to the lubricating oil filter. In this type filter, the element
ts not cleanable and must be replaced. The filtering medium is a large bag of close, evenly
woven, lintless, acid-resisting textile material. Maximum benefit is derived from the bag's
.arge area by keeping the sides of the bag separated by a wire-screen mat. The screen is
tne sar.e size as the bag, and the two are detachably fastened to a central feeding spool and
wound around 1t, Layers of bag and screen are thus alternated through the winding, and the
entire suriace of the bag is available for fiitering purposes. The fuel to be filtered flows
:rom the filter inlet a the top, through the spool, and out the ports to the inside of the bag.
The dift, solids, abrasives, carbon, etc., are caught in tne bag, and the clean fuel passes

sutward and to the filter outlet.
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(2) Viscosity and pour point. The viscosity and pour point of a fuel indicate
1t flusdity.  Viscosity i1s the term used to indicate the internal friction or resistance to flow
ot a liquid, [t 15 measured in seconds, the time required for a measured quantity of liquid
fuel at 100° F to pass through a calibrated hole in a viscometer. The lowest temperature
ot which fuel oil will just flow (under controlled test conditions) is called the pour point.

It indicates the suitability of the fuel for cold weather engine operation, since the fuel must
remain fluid 1n order to be handled by the fuel system. Unless arrangements are made for
neating, the fuel must not be more viscous than 550 seconds at the lowest operating tempera-
ture, or 1t will not flow through The fuel system. While maximum viscosity is limited by
handling considerations, minimum viscosity i1s also limited by injection system requirements,
The fuel must have sufficient body to lubricate the closely fitted pump and nozzle plungers
properly. In order to do this and to prevent wear, scoring, and sticking, the fuel should
have a viscosity greater than 35 seconds at 1009 F. The fuel must also be viscous enough

to prevent leakage at the pump plungers and "'dribbling'' at the injection nozzle. Leakage
occurs when the fuel viscosity 1s less than 34 or 38 seconds at 100° F depending upon the
type, temperature, and pressure of the injection system. Fuel shipped from a refinery is
usually free from water and sediment. Diesel fuel, being more viscous than gasoline, will
hold dirt 1n suspension longer., As it1s transferred from tank to tank from the refinery to
the engine, 1t will sometimes pick up sufficient water and sediment to corrode the fuel pump
parts or injection system parts, To prevent this, care must be exercised i1n handling fuel,
and une fuel strainers must be adequate to remove any water or sediment which has found
1ts way 1nto the fuel, The filters, therefore, must be checked frequently. A fuel's viscosity
also determines the size of the fuel-spray droplets which, in turn, governs the atomization
and penetration qualities of the spray.

(3) Igmition quality.

{a) The i1gmtion quality of a diesel fuel is its ability to ignite spontaneously
(without mechanical assistance, such as a spark) under the conditions existing in the engine
cylinder. The spontaneous ignition point of a fuel is a function of temperature, pressure,
and time. A fuel with a good 1gnition quality {one that will ignite at low temperatures) is
most desirable for diesel engines fo, several reasons. Smoking, knocking, and ease of
starting are somewhat dependent on the 1gnition quality of the fuel. An engine will start if,
after compression, the temperature in the engine cylinder is above the ignition tempera-
ture ot the fuel. Compression temperature is related to outside air temperature, so, the
lower the 1gmtion temperature of the fuel, the lower the possible atmospheric temperature
at which the engine will start. If the 1gnition temperature of a fuel 1s too high, the engine
will smoke— particularly at light loads when engine temperatures are low, Diesel fuels
(like gasoline) are composed of fractions or parts, each having different characternistics;
some are light and volatile and others heavy and less volatile. The lighter parts will ignitz
at a lower temperature, while the heavier parts require a higher temperature to ignite.
The 1gmtion quality of diesel fuels 1s indicated by cetane numbers, just as octane numbers
are used to indicate the antiknock quality of gasoline. The ignition quality of a diesel fuel
.5 determined by comparing 1t with a standard reference fuel, according to the cetane
number scale. To obtain the cetane number of a fuel, a special test engine is used. This
engine, operating under controlled conditions and using a mixture of cetane that has good
igrution gualities and alpha-methyl-naphthalene that has poor ignition qualities, is used to
es*abiish a standard of measurement.

(b) The cetane number of a fuel 1s the percentage of cetane that must be
mixed »ith alpha-methyl-naphthalene 1n order to duplicate the 1gnition quality of the diesel
tuel being tested, Thus, 1f a fuel has the same 1gnition quality as a reference fuel composed
of 00 parts cetane and 40 parts alpha-methyl-naphthalene, the fuel has a cetane number of 6u.
The ignition quality most suited for any particular engine is best determined by tmal, or
tne engine macufacturer might recommend the fuel most suited for his particular engine.
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At present, most diesel engines require fuels within the range of 30 to 60 cetane numbers.
Very little demand exists for fuels outside of this range. The recormnmendation of a fuel
most suited for a particular engine requires consideration of more than one (good ignition
quality) factor for good engine operation, such as load, engine speed, time and atmospheric
temperature, The lower the atmospheric temperature, the lower the temperature will be
in the engine combustion-chamber.,.- In.extreme cold .areas.some. type of special 2id must be
employed to get the engine started. This aid may be either the application of heat to the
inlet manifolds or jackets to heat the air entering the engine cylinders, or the use of elec-
trically heated glow-ptugs which will raise the air temperature locally in the engine for
starting only, or the use of an ether or other cartridge which provides a mixture ignitible
at well below normal temperatures. The time factor could be incorrect due to combustion
chamber design, speed of injection, plus other factors which will be noted later. A fuel
having good igmition qualities will ignite and start to burn at the very beginning of injection
and before all the fuel hits the air. It will continue to burn progressively as it is injected
into the cylinder. Thus, this condition must exist to obtain maximum power and smooth
engine operation and avoid detonation. Mainly, this is accomplished by combustion chamber,
injection nozzle, and injection pump design.

(4) Knocking, It has been observed that compression ignition engines knock,
particularly at light loads. This knock is believed to be due to the rapid burning of the
charge of fuel accumulated during the delay period between the time of injection and ignition.
When the fuel is injected, it must first vaporize, then superheat until it reaches the
spontaneous-igmtion temperature under the proper conditions to start combustion. Time i3
required for sufficient fuel molecules to go through this cycle to permit ignition. This time
1s called ignition lag or 1gnition delay., During this same time, other portions of the fuel
are being injected and are going through the same phases, but behind the ignition portion.

As the flame spreads from the point of ignition, appreciable portions of the charge reach
their spontaneous ignition temperatures at practically the same instant. This rapid burning
causes a very rapid increase in pressure, which is accompanied by a distinct and audible
knock., Increasing the compression ratio will decrease the ignition lag and taereby decrease
the tendency o knock; whereas, increasing ike compression ratio in a gasoline engine

(spark 1gnition) leads to preignition and tends to make detonation worse. Knocking in the
diesel engine (compression ignition) is affected by a large number of factors besides com-
pression ratio, however. The type of combustion chamber, airflow within the chamber,

the type of nozzle, the injection pressure conditions, the fuel temperature, and the air
temperature are all factors, as are the characteristics of the fuel itself, For these reasons,
more can be done 1n the design of a diesel engine to make it operate smoothly without detona-

tion, than can be done with the gasoline engine.

). Types of combustion chamber. The fuel injected into the combustion space of
a diesel engine must be thoroughly mixed with the compressed air and distributed as evenly
as possible throughout the chamber. None of the liquid fuel should strike the chamber walls.
It 15 essential thz. the shape of the combustion chamber and the characteristics of the
injected fuel spray be closely related. There are many types of combustion chambers in
use today, but they are all designed to produce one effect—to bring sufficient air irto con-
tact with the 'njected fuel to provide complete combustion at a constant rate. All modern
combustion chamber designs may be classified under one of the following headings: open,
precombustion, turbulence, or divided chambers. Designs which fall under two or more
headings will be covered under the heading which is the most applicable.
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(1) Open chamber, The open chamber (fig 3) is the simplest form of
chamber. The il 13 injected directly into the combustion space at the top of the cylinder.
The combustion space, formed by the top of the piston and the cylinder head, is shaped to
provide a swirling action of the air as the piston comes up on the compression stroke.
There are no special cells, pockets, or passages to aid the mixing of fuel and air. This
type of chamber requires higher injection pressures and a greater degree of fuel atomiza-
tion than 1s required by the other types to obtain the same degree of mixing. The open
chamber design is used in the 2-stroke-cycle diesel engines found in several types of Army

vehicles.

(2) Precombustion chamber. The precombustion chamber (fig 4) is an
auxihiary chamber at the top of the cylinder. It is connected to the clearance volume above
the piston through a restricted throat or passage. The precombustion chamber conditions
the fues for final combustion in the cylinder and distributes the fuel throughout the air in the
cylinaer in such a way that complete, clean burning of all the fuel is assured. On the com-
pression stroke of the engine, air is forced into the precombustion chamber and, since the
air 1s compressed, it becomes hot. At the beginning of injection this small chamber con-
tains a definite volume of air. Combustion of the fuel actually starts in the precombustion
chamber, since the fuel 1s injected into the chamber. Only a small part of the fuel is burned
in this chamber because there is only a limited amount of oxygen present with which it can
unite. The small predetermined amount that burns creates heat that, in turn, creates high
pressure within the precombustion chamber; as injection continues, this high pressure
forces the fuel at great velocity into the cylinder. There is ample oxygen present in the
cylinder to burn all the fuel completely, regardless of the speed or load under which the
engine 1s operating. Fuel injection pressures need not be as high with this type of chamber
as in the open-type. A coarser spray is satisfactory because the function of the chamber is
to vaporize the fuel further before it enters the cylinder.
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{(3) Turbulence chamber, The turbulence chamber (fig 5) is similar in
appearance to the precombustion chamber, but its function is different, There is very little
clearance between the top of the piston and the head, so that a high percentage of the air
between the piston and the cylinder head is forced into the turbulence chamber during the
compression stroke. The chamber is usually spherical, and the opening through which the
air must pass becomes smaller as the piston reaches the top of the stroke, thereby
increasing the velocity of the air in the chamber, This turbulence speed is approximately
50 times crankshaft speed. The fuel injection is timed to occur when the tusbulence in the
chamber is the greatest, This insures a thorough mixing of the fuel and the air, with the
result that the greater part of combustion takes place in the turbulence chamber itself.
The pressure created by the expansion of the burning gases is the force that drives the
piston downward on the power stroke.
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Figure 5. Diesel engine turbulence chamber,

(4) Divided chamber.

(2a) The divided chamber (fig 6), or combination precombustion chamber
and turbulence chamber, probably is better known by the trade name, Lanova combustion
chamber. Like the open chamber combustion system, the combustion is controlled. Like
thie turbulence-chamber-type, the Lanova system depends on a high degree of turbulence
to promote thorough mixing and distribution of the fuel and air, but, unlike it, this entails
no increase in pumping losses. Ninety percent of the combustion chamber is directly in
the path of the in-and-out movement of tne valves. The turbulence in the Lanova system
1s dependent upon the thermal expansion and not on engine speed, as are the other systems.

Uy
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FUEL INJECTION

PULLIONITION COMBUSTION IN MAIN CHAMBER

Figure 6. Lanova divided chamber - fuel combustion,

(b} Primarly, the Lanova system involves the combination of the figure-
8-shaped combustion chamber, situated centrally over the piston, and a small air chamber,
known as the energy cell, In its latest development, this energy cell is comprised of two
separate chambers=—- an inner and an outer, The inner chamber, which is the smaller of
the two, opens into the narrow throat betweon the two lobes of the main combustion chamber
through a funnel-shaped venturi passage, The larger outer chamber communicates with
the inner one through a second venturi, Directly opposite the energy cell is the injection

nezzle,

(¢) During the compression stroke, about 10 percent of the total com-
pressed volume passes into the energy cell, the remainder staying in the figure-8-shaped
combustion chamber, The fuel is injected in the form of a pencil stream that basses
directly across the narrow throat of the combustion chamber, most of it penetrating into
the snergy cell, A small portion of the boundary layer follows the curvature of the ccmbus-
tion chamber lobes and swirls into vortexes within them, The fuel entering the energy cell
{s trapped, for the most part, in the small outer cell, but a small part passes into the larger
outer cell where it meets a sufficient quantity of superheated air to explode violently, This
exploeion produces an extremely rapid rise in pressure vithin the steel energy cell, which
blows :he main body of the fuel lying in the inner cell back into the main combustion
chamber, where it meets the main body of air, Here, owing to the shape of the chamber,
it swirls around at an exceedingly high rate of turbulence, burning continucusly as it leaves
the snergy cell, Owing to the restriction of the two venturis connecting the enexgy cells,
the blowback of fuel into the combustion chamber is controlled so that this operation con-
sumes an appreciable period of time, producing a prolonged and smooth combustion in
which the rate of presstre rise on the piston is gradual,
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(1) Methods. There are two methods of injecting the fuel against the air
pressure in the cylinder of a diesel engine— air injection, where a blast of air from an
external source forces a measured amount of fuel into the cylinder; and solid injection,
where the fuel is forced into the cylinder by a direct pressure on the fuel itself, The
discussion which follows will be limited to those systems utilizing solid injection, because
the air injection system has been proved impractical for aviomotive installations.

k. Fuel injection principles,

(2) Fuel atomization and penetration. The fuel spray entering the combustion
chamber must conform to the shape of the chamber so that the fuel particles will be well
distributed and thoroughly mixed with the air, The shape of the spray is determined by the
degree of atomization and penetration produced by the orifice through which the fuel enters
the chamber, Atomization is the term used to denote the size of the drops into which the
fuel is broken; whereas, penetration is the distance from the orifice which an oil drop
attains at a given phase in the injection period, Roughly speaking, the penetration of a
spray depends on the length of the nozzle orifice, the diameter of the orifice outlet, the
viucosity of the fuel, and the pressure on the fuel, Penetration increases with the
increasing ratio of the length of the orifice to its diameter; atomization, however, is
increased by decreasing the ratio of the length of an orifice to its diameter. Since pene-
tration and atomization are mutually opposed to each other, a compromise is necessary
if uniform fuel distribution is to be obtained. The amount of pressure required for efficient
injection is dependent on the pressure of the air in the combustion chamber, the size of the
orifice, the shape of the combustion chamber, and the amount of turbulence produced in the

combustion space,

(3) Function of injection system., The function of each system is to meter the
fuel accurately, deliver equal amounts of fuel to all cylinders at a pressure high encugh to
insure atomization, and control the start, rate, and duration of injection.

Note, - Answer the questions below,

71. Why does the military desire a multifuel engine for use in ground equipment?
a, To reduce maintenance problems
b. To help overcome logistical fuel problems

c. To develop more horsepower per pound of engine

72, To comply with Army requirements, what is the maximum weight allowed, in pounds,
per horsepower in a multifuel engine?

a, b6
b, 10
c. 12

73, What characteristic eliminated the gasoline engine during the selection of a multifuel
test engine?

a, Excessive maintenance costs
b. Poor fuel economy
c. High manufacturing cost
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74, What type engine may be classified as a true multifuel engine?

a. Diesel, supercharged
b. Internal combustion, magneto ignition
c. Gas turbine, regenerative

75. What statement, pertaining to a comparison of the 2-stroke- and 4-stroke-cycle diesel
engines, is true?

a. Power stroke of the 2-stroke-cycle engine is longer
b. Less air is available to the 4~stroke-cycle engine during intake
c. Power stroke of the 4-stroke-cycle engine is longer

4, REASONS FOR SELECTING THE DIESEL ENGINE FOR CONVERSION TO A
MULTIFUEL ENGINE.

a. First, there are intake and exhaust valves on ezch engine. The diesel engine
uses an injector pwnp and/or a nozzle instead of a carburetor and does not employ spark
plugs. Igmtion in diesel engines is attained by compressing the air inthe cylinder to a point
where its temperature is greater than the self-ignition temperature of the fuel and, then,
injecting fuel into the high temperature air where it ignites and burns., The expansion as a
result of the burning fuel-air mixture produces the energy required to accomplish work.

It 18 an established principle that as the compression ratio of an engine is raised “he
efficiency increases accordingly., This means that more power can be obtained from the
same amount of fuel, The economy of a diesel engine in comparison to an electrical igni-
tion engine is well established, Experiments also proved that diesel engines would operate
on such fuels as kerosene and JP-4,

b. Selection of the diesel engine for application to the multifuel principle still
left certain unsolved problems.

(1) Should the engine be air-cooled or liquid-cooled?
(2) Should open chamber or auxiliary chamber be used?
(3) Should 2-cycle or 4-cycle principle be used?

(4) How should control of combustion be maintained?
(5) How could fuel system ufficiency be maintained?

5, MULTIFUEL ENGINE. The engine.adopted by the U, S, Army was developed by
Continental Motors.

a. The engine manufacturers adopted the MAN "Controlled Evaporation" principle,
This combusaon process was developed by Dr, Meurer of Germany, as a result of the
Doctor's study of the reaction of kinetics involved in the diesel combustion process.
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(1) This combustion priciple, which Continental calls hypercycle, differs
from that of most other systems where the fuel is sprayed directly irto the air in the com-
bustion chamber. In this system, fuel is sprayed on the walls of the spherical combustion
chamber in the direction of the air swirl (fig 7). Through the use of a special intake port
the induction air is given a swirling motion, which persists into the combustion chamber
and continues to supply oxygen to the slowly evaporating fuel. A small portion of the fuel
about 5 percent, breaks away from the jet before it hits the surface. This S percent gu2s
through the normal ignition lag and combustion just as in a diesel engine. The remainder
of the fuel, lying on the relatively cool piston and moving with the air, evaporates at a
slower rate. It forms a combustible mixture whose composition has a higher self-ignition
temperature than those mixtures formed by the same fuels when subjected to rapid evapora-
tion in the presence of excess oxygen, as occurs in the normal diesel.
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FUEL DEPOSITED ON WALLS OF THE SPHERICAL COMBUSTION
CHAMBER INSTEAD OF SPRAYED INTO AIR SPACE

Figure 7. Start of injection.
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{2) Since this mixture has a higher self-ignition temperature, it will not auto-
1gnite, but must be ignited by the initial 5 percent of the fuel which is burning. Only the
portion that is vaporized at any interval will burn. This quantity of fuel is never large
enough to produce sudden high pressure rises.

(3) The burning of the fuel as evaporation takes place prevents accumulation
of large amounts of vaporized fuel so that knocking does not occur when burning gasoline.

(4) Since the ability of any diesel engine to ignite fuel is dependent upon the
compression temperature, it is important that certain minimum operating temperatures
are maintzined during light load and idle conditions, especially for arctic operation. For
this reason a water-jacketed intake manifold maintained at a minimum of 150° F, by the
water temperature thermostat, is used to increase induction-air temperatures in cold

climates.

(5) Starting ability without outside aids in temperatures of -25¢ Fis an essan-
tial requrement of military vehicles; therefore, an intake manifold flame heater is a
standard item on this engine, Fuel, which is sprayed into the intake manifold by a special
nozzle and 1gnited by a spark plug, burns a small portion of the oxygen in the induction
system while the engine is being cranked, Induction air temperatures of approximately
300° F are obtained during cranking with the flame heater operating, allowing successful
starts down to temperatures of 40 degrees below zero.

b. The multifuel engine, LDS-465-1 (fig 8 and 9) is a four-cycle, 6-cylinder
in-line, water-cooled, cast-iron block, compression-ignition engine of conventional design,
except for those features pertaining to the combustion system. Special consideration has
teen given to permit th. use of a high compression ratio which, in this case, is 22:1,
thereby developing firing pressures in the 2,000 PSI range,

(1) Such components as crankshaft, crankcase, and connecting rods are
designed for firing pressures in the 2,000 PSI range, The crankshait is especially rigid
for good bearing conditions and reduced torsional vibration, which normally results f{rorr

such high peak firing pressures,

(2) The crankcase {cylinder block) is a conventional 6-cylinder design made
of cast iron, incorporating dry, cast-iron cylinder liners for ease of maintenance.

(3) The main bearing caps are provided with maximum support by racessing
them into transverse webs, which are cast integrally with the crankcase,

(4) The overhead valves are operated by push rods from a gear driven cam-
shaft, The helical gear train, located at the fan end of the engine, also drives the oil pump

and fuel injection pump,

(5) The gencrator coolant pump and air compressor are belt driven from the
fan cnd of the crankshaft,

(6) The hardened steel crankshaft is carried in 7 replaceable copper-lead
alloy main bearings,

0§ 403, 5-P17




88

i [P o ey
Bt TR AT
’ - Gl ; ﬁg:ggﬁ?ﬁr: : '
L RAME HEATER _ ALVE

- IGNITION T
T NGO LEVEL GAGE

UNRT el

R . o PRI et R P .
) esLt "‘ S s ';.'\.‘_K.""“"-‘_'-"'. L v e e e 8 -_i.’.:zx

+

OlL MESSUREY- .
SENDING-UNITIN, .

.
AN

T

-
PN

Figure 8. LDS-465-1 multifuel engine assembly.

(7) The tin-plated aluminum alloy forged pistons are cam ground to provide
an accurate fit in the cylinder bore at operating temperatures. Each piston is fitted with
3} compression rings and 1 oil control ring. The success of the hypercycle process depends
to a large degree on maintaining proper piston temperatures. In order to accomplish this,
a separate gallery directs oil from the engine's 0il reservoir to the underside of the pisto;
by means of suitable jets. These jets spray oil under the piston heads and spherical com-

bustion chambers to keep them relatively cool.
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Figure 9. Engine gear train.

(8) The hypercycle combustion system requires rothing special in the way of

a fuel injection system.

(a) The fuel system on this engine allows the engine to operate on various
types and grades of fuel without adjusting the fuel injector pump. The fuel injector pump
assembly is driven by the fuel injector pump driven gear, which meshes with the camshaft
gear. The single-piunger distributor type pump is used to supply preswurized fuel to each
individual fuel injector nozzle and holder assembly in the firing order sequence, The fuel
injector pump advance unit automatically provides a gradual 80 advance of fuel injection
timing over the engine speed range, A fuel density compensator on the pump automatically
maintains constant full-power fuel flow regardless of the type or mixtures of fuel being

used in the engine.

(b) The engine is moderately supercharged by an exhaust-driven turbo-
charger, which forces air into 2 water -jacketed, runner-type induction manifold. The pur-
pose of the water jacketing is to provide heating of the induction air during cold weather

operation.

OS 403, 5-P19

9




70

c. In conclusion we have seen that multifuel capability can be built into compres-
sion ignition engines by taking the necessary measures to maintain combustion control and
fuel system efficiency with all usable fuels, Other design problems and Army requirements
such as lubrication, heat rejection, compoaent life, fuel economy, and operation in extreme
temperatures are solved by conventional methods, The LDS-465 multifuel engine is now
incorporated in the truck, 5-ton, 6x6, and is a standard item of issue.

6. GAS TURBINE ENGINES,

a., For the purpose of evaluating the adaptability of gas turbines to military
vehicles and to determine the advantages and disadvantages of such installations, the Army
has obtained a number of gas turbines to test in military vehicles.

b. One of the major advantages of the gas turbine as opposed to the standard
internal combustion engine is that its weight and bulk per unit of horsepower output is lower.
Also, this engine can operate on a wide range of hydrocarbon fuel and maintain high torque
at stall speeds,

c. The first of these units that was procured for testing in an Army vehicle was
the GMT-305 gas turbine engine, This turbine is commercially available and is a regenera-
tive-type free turbine with a rating of 206 horsepower at 3, 350 revolutions per minute
(output shaft speed) at an ambient temperature of 80° F and 328 pound-feet of torque at the

same spead,

d, The engine principles described thus far in this subcourse pertain to recipro-
cating engines. Reciprocating motion, as has been mentioned earlier, is an up -and-down
or back-and-forth motion, The conventional gasoline and diesel engines use this recipro-
cating motion of the piston to turn the crankshaft. This principle you already understand. /

(1) The principle of the turbine engine is somewhat different. In this engine
the motion is rotary or circular with no up-and-down or back-and-forth motion required.
In the reciprocating engine the up-and-down or back-and-forth motion is changed to rotary
or circular motion through the crankshaft. In the turbine this circular motion is direct.
Water and steam turbines have used this principle for a long time. The gas turbine is
comparatively new but is becoming increasingly important.

(2) The gas turbine engine has no pistons or connecting rods, No water is
required for its operation, In the turbine, fuel is burned in a chamber into which air has
been pumped by an air compressor, The burning fuel and air create a high temperature,
and the greatly expanded gases rush through the turbine, The whirlwind of the hot gases
rushing through the turbine produces power. This is similar to the wind turning 2 wind-
mill, The turbine is a wheel with vanes or blades, Figure 10 shows a turbine wheel.
The vanes are somewhat like the blades of an ordinary fan, The push of the hot gases
against these vanes of the turbine causes the wheel to turn and power is produced. The
power produced may be in the form of direct power from a shaft threugh reduction ears
that are turned by the turbine wheel, Figure 11 illustrates this type, Details of the com-
pressor and turbine are not shown in the figure.

(3) The power may also be in the form of compressed zir produced by the
compressor, (The compressor itself is powered by the turbine.) In this system some of
the compressed air is necessary to support combustion, but the excess amounts may be

used for power,
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e, The GMT-305 gas turbine engine,

(1) The GMT-305 gas turbine is air cooled and it can operate on gasoline,
diesel fuel, or kerosene, This engine is 36 inches long, 31 inches wide, and 26 inches high,
Its dry weight is about 650 pounds. The present rated specific fuel consumption at full load
is 0. 57 pound of fuel burned per brake horsepower per hour,

(2) An explanation of the way in which the GMT-305 operates is best made by
reference to the numerals shown in figure 13, which is a cutaway dlagram of the GMT-305
gas turbine,

Figure 13, Cutaway dlagram of GMT-305 gas turbine,
(a) No 1 - Atmospheric air enters the air inlet.

(b) No 2 - The air is compressed by the axial-flow compressor to above
three atmospheres of pressure,

(¢) No 3 - Rotating regenerators furnish heat to the compressed air as it
passes through them,

(d) No 4 - The heated, compressed air enters the combustors,

(¢) No 5 - Fuel is injected through nozzles into the combustors.

(fy No 6
through the turbine vanes,

Gases resulting from the combustion of the fuel and air pass

() No 7 - These gases first drive the '""gasifier turbine, " which powers
the air compressor (shown in item 2).

f
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(h) No 8 - The gases then drive the power turbine (note that the gasifier
turbine and the power turbine are not connected mechanically),

(i) No 9 - The hot gas exhausted from the power turbine is cooled by the
rotating regenerators (shown in item 3).

(i) No 10 - Exhaust gas at 300° to 500° F is directed out of the exhaust
ports,

(k) No 11 - The power output shaft is driven from the power turbine
through a single-stage reduction gear,

(1) No 12 - The accessory drive shaft is driven by the gasifier turbine
through a set of reduction gears.

(3) Essentially, the gas turbine operates on the Joule cycle, This is the
principle in which atmosgheric air is compressed adiabatically {(occurring without gain or
loss of heat; a change of properties, such as volume and pressure of the contents of an
enclosure, without exchange of heat between the enclosure and its surroundings), the com-
bustion process adds heat at constant gas pressure, and the gases are expanded adiabatically
through the turbine blades.

(a) The function of the regenerator is to recover heat from the turbine
exhaust to improve efficiency,

(b) The rotating regenerators of the GMT-305 engine reduce exhaust
noise, so that no muffler is required, and they also cool the exhaust gas,

(c) Neither radiator, fins, fans, nor plumbing are necessary for cooling
the powerplant,

(d) Because the power turbine is connected pneumatically and not
mechanically to the gasifier turbine and the air compressor, the power turbine acts as a
built-in torque converter and maximam torque occurs when the power turbine is stalled,

(4) A GMT-305 gas turbine was installed in a modified, 90mm, full-tracked,
self-propelled gun M56 and tested during the winter months at the U, S, Army Climatic
Test Station, Fort Churchill, Canada.

(a) During a total 1,110 vehicle miles and 110 turbine hours, there were
no major breakdowns, and 36 cold starting tests were successful, The formation of ice in
the {uel lines was avoided by adding a pint of alcohol to each 20 gallons of fuel,

(b) These tests disclosed that a GMT-305 turbine equipped military
vehicle would require unusually durable brakes to withstand continuous operation at various
conditions of speed and torque,

1. This requirement is the result of inherent characteristics of the
GMT-305 powerplant. Whereas, the acceleration or deceleration of the vehicle is controlled
by changing the speed of the power turbine, the accelerator of the vehicle that regulates the
rate of fuel flow to the combustors also controls the speed of the gasifier turbine.

2, Since the two turbines are only pneumatically connected, the speed
of the output shaft of the power turbine is not regulated directly by the accelerator, and there
is a consequent delay between movement of the accelerator and change in speed of the output

shaft,
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3. During the tests in extreme cold climate, it was found necessary
to maintain the speed of the gasifier turbine at no less than 20, 000 revolutions per minute
for the best performance, Therefore, while applying the brakes to decelerate the vehicle,
1t was necessary to keep the accelerator depressed sufficiently to keep the gasifier turbine
in the satisfactory range of performance of 20,000 revolutions per minute or more,

(¢) The principal characteristics of this engine are as follows:
1. Model - GMT-305.

2. Type - free turbine, gas, regenerative.

1w

Rated power - 206 hp @ 3,350 RPM (output shaft RPM),

. Rated torque - 328 lb-ft @ 3, 350 RPM,

IES

5, Fuel requirement - gasoline (MIL-G-3050), compression-ignition
(MIL-F-45121), diesel (VVF-800), or kerosene.

6, Coolant - air,

Note, - Answer the questions below,

76, Who developed the controlled evaporation principle used with the multifuel engine?

a, Joule
b. Dr, Otto
c. Dr, Meurer

77. What is done in the hypercycle that differs from other injection system principles?

a. The fuel is sprayed into the center of the compressed air
b. The fuel is injected into the manifold
c. The fuel is sprayed onto the walls of the combustion chamber

78. What is the function of the 5 percent of fuel that breaks away from the main charge
during injection of the multifuel engine?

a. Toignite the main charge
b. To create a swirling motion to the intake air

c. To speed up ignition lag
79. What prevents the multifuel engine from knocking when burning low octane gasoline?

a. The mechanical ignition lag of 8°
b. The controlled accumulation of the vaporized fuel
¢. The rapid condensation of the fuels

80. After the engine is started, what is used to increase the induction air temperature of
the multifuel engine in cold climate?

a. Water jacketed intake manifold heater

b. Exhaust manifold flame heater
c. Intake manifold electric heater

Y
UC
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82,

83,

84,

86.

817,

88.

What is the determining factor of any diesel engine as to its ability to ignite the
injected fuel?

a. The amount of fuel at injection
b, The volume of air at injection

c. The temperature of compressed air at injection

What is the compression ratio of the multifuel LDS5-427-2 engine?

a. 10:1
b, 15:1
c., 221

What components of the LDS-465-1 engine are designed to withstand high firing
pressures?

a, Crankshaft and connecting rods
b, Cylinder block and camshaft
c. Injector pump and camshaft

The helical gear train, located at the fan end of the multifuel engine, drives the oil
pump and the

a, fuel injector pump.
b. generator coolant pump.
¢, air compressor,

How is the proper piston temperature maintained in the hypercycle process?
a, By the use of high pressure water jackets

b, By oil sprayed on the underside of the pistons
c. By oil sprayed on the outer piston walls

P il

What is an integral component of the injector pump assembly on the multifuel engine?

a., Heater solenoid valve
b. Secondary bypass line
¢. Fuel density compensator

What 1s an advantage of the gas turbine engine as opposed to the standard internal
combustion engine?

a. It requires less maintenance
b. Itis more reliable
c. It can hold high torque at stall speeds

What furnishes heat to the compressed air in the GMT-305 gas turbine engine?
a. Rotating regenerators

b, Axial flow compressor
¢. Gasifier turbine
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90,

Into what portion of the GMT-305 gas turbine engine does the heated, compressed air

enter?
AY

a., Regenerators
b, Gasifier turbine
¢, Combustors

What cools the hot gas exhausted from the power turbine in the gas turbine engine?
a, Axdal flow compressor

b, Rotating regenerators
c, Gasifier turbine
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SECTION I. GENERAL

1-1. PURPOSE AND SCOPE.

a. This text :s published for use in resident instruction conducted by the US Arm,
Ordnance Center and School. It is intended to provide information on gasoline and diesel
engine injection systems to supplement the technical manuals in the field.

b. This text covers the principles of fuel injection and scme types of injection
svstems. It describes the construction and operation of the Bosch, tne Sim~aonds, ana
the C.mmuns fuel injection systems and provides a guide for their maintenance.

1-2. REFERENCES. The references are listed in the appendix.
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SECTION II. AIR-FUEL INDUCTION SYSTEMS

2-1, INTRODUCTION.

a, The process of metering and atomizing liquid fuel for burning in an internal
combustion engine has, {or many years, been accomplished by the engine carburetor,
Carburetors have gone through various stages of development in attempts to improve their
function., In the process of improving the fuel induction system the carburetor has changed
irom a relatively simple device to a complex mechanism. During recent developments to
improve gaso.ine engine performance the inevitable has occurred - carburetors have been
discarded in favor of an improved method of liquid fue! treatment {or engine operation.
This system is called {uel injection. It consists of a mechamcal process of metering,
timing, delivery, and atomization-of {uel,

b. Application ot fuel injection to gasoline engines is not new, it dates back to 35 years
ur more in sorae engine developments. Fuel injection began to appear in some gaso.ine air-
craft engines as early as 1935, Diesel engines have utilized injection almost exclusively.
The recent trend toward injected fuel systems will gain momentum and probably lead to
elimination, to a great extent, of the carburetor in most gasoline engine applications, The
rapidity of acceptance of fuel 1injection is best exemplified by the f{act that the US Army has
accepted fuel injections as standard equipment for most of its tracked vehicles,

2-2. AIR-FUEL INDUCTION SYSTEM REQUIREMENTS.

a., General., The purpose of the air-fuel induction system is to prepare, control,
transport, and distribute the air-fuel mixture to the engine cylinders for final combustion.
Preparation of fuel consists of metering the fuel for correct fuel-air ratio, atomization of
the tuel to aid 1n mixing with air, and vaporization. Control is the process of varying the
amount of air-fee!l mixture that enters the engine cylinders. Transporting and distribution
insure an adequate and equal {in quantity and quality) air-fuel mixture tc each cylinder.

b. Requirements {for maximum power. ,

(1) Various fuel and air ratios can be used in the gasoline internal combustion
engine, A definite ratio 1s necessary to obtain maximum power, while a definite but
different ratio is necessary for maximum fuel economy.

(2) Let us direct our attention just to the power or torque output of the engine at
constant speed. Here the engine will induct a constant amount of 2ir, limited directly by the
piston displacement. If the fuel flow is increased by allowing a greater amount of fuel to he
introduced, the power will be increased because of the liberation of additional chemical
energy. This increase of power with the increase in fuel will continue until a point is reached
where all the avaiiable air is effectively used for combustion. (When speaking of carburetion
and fuel injection, the use of the term "air' denotes use of the oxygen in the air.) Since fuel
{low can be regulated, but airflow is fixed by the design and displacement of the engine, it is
the air supply and not the fuel that places a limit to the power ocutput. Thus, in the ideal
situation, maximum power is obtained when all the air in the cylinder is completely con-
sumed, To achieve complete consumption of air, an excess of fuel, relative to the
Jhemically correct mixture, must be used. This is due to several factors, the main ones
Leing air and fuel are seldom perfectly mixed, fuel is never completely vaporized, and
iilution of charge (fuel-air mixture) due to exhaust gas products.

¢. Requirements for maximum economy. To achieve maximum f{uel economy, the
re.ease of chemical energy per unit must be at its maximum. This condition 1s realized
when the fuel 18 completely burned; therefore, an excess of air must be supplied. The
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air-fuel ratio will not depart far from the chemically correct mixture, Several factors act
adversely to deter economy; some of these are incomplete mixing, atomization and vapori-
zation, and, in some cases, inadequate air supply.

d. Factors affecting both economy and power output. It becomes apparent that an
adequate air supply is essential to maximum economy and maximum power for a particular

engine design. Good atomization and vapcrization resulting in a homogeneous mixture also
contribute to both power output and fuel economy,

2-3. CARBURETED AIR-FUEL INDUCTION SYSTEM.

a. General. Carbureiors have been improved over the years and will, with proper
intake manifold designs, provide excellent results over a broad operating range. However,
the penalties involved in manifold design, by carburetor use, have caused engineers to look

to other devices for solutions.

b. Carburetor manifold problems.

(1) Carburetor operation depends on decreasing the air pressure at the fuei dis-
charge nozzle so that the atmospheric pressure will force fuel into the intake ‘rstream,
This change 1n pressure is accomplished by the use of a venturi to reduce the cross section
area of the manifold (fig 2-1). In addition, the manifold size must be kept small enough to
maintain sufficien. air intake velocity to preclude the possibility of fuel condensation and
fallout during transit to the cylinders, The limitations placed on manifold size by the venturi
and need for air velocity reduces the amount of air available for combustion. This reduction
in air supply becomes critical at higher ergine speeds when time for scavenging and filling
the combustior. chamber is further limited. Carburetor system manifolds then must be a
compromise, an attempt to satisfy two requirements, small enough to retain air velocity
and large enough to satisfy engine breathing requirements.,

)
30 \rv
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:z%ﬁ'f’ —}— Air Cleaner
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Figure 2-1. Typical carburetion system.
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(2) The second problem area is that of transporting and distributing fuel, In the
carbureted system the manifold transports and distributes fuel. Fuel is delivered to the
manifold intake air only partly vaporized. The remainder is in the form of globules or
film on the manifold wall. This situation is aggravated in cold weather operation with a
cold manifold. Long manifolds with resultant airflow drag provide further opportunity for
gas condensation and fallout. Long manifolds are also partly responsible for poor acceler-
ation response due to delay of fuel in passing through the manifold, Curved manifold sections
also contribute heavily to loss of fuel vaporization since the heavier fuel carried by the air
strikes the walls and condenses. These manifold faults not only vary the quantity of the air-
fuel charge delivered to each cylinder, but also vary the quality, Whereas the manifold can
do a good job of distributing vaporized fuel, fuel in the liquid state cannot be properly dis-
tributed, The unequal distribution of fuel among the cylinders causes erratic operation and
loss of power,

(3) To alleviate these manifold problems, hot spots are often used to heat the in-
take manifold to induce vaporization of fuel. (Hot spots are usually in the form of ducts
that direct hot exhaust gases around the intake manifold to increase the temperature of the
manifold (fig 2-1),) When intake manifold hot spots are used, the mixture expands, thus
reducing the volumetric efficiency of the engine with a corresponding loss of torgue and
power, Heating the mixture also tends to cause preflame reactions and knock.

(4) In some cases, dual barrel carburetors or multiple carburetors have been em-
ployed to satisfy the engine's demand for greater air-fuel supply during high engine speeds.
This has not proved completely satisfactory due to synchronization problems and excessive
cost.

(5) Some characteristics of carbureted induction systems are particularly un-
desirable for military application. Carburetor icing, for example, is objectionable. This Y
occurs when fuel is delivered into the airstream, causing a temperature drop due to
vaporizationr. of fuel. In cold weather operation ice will then form on the ventur: and throttle
plate, The ice formation impedes the flow of air to the detriment of proper engine cperation.

Military vehicles must be able to operat: over rough terrain. Carburetors are designed to

operate in a fixed position; extreme variations in terrain will affect carburetor operation.

Military vehicles operate in extreme temperature ranges. Carbureted engines reguire an

excessive warmup time, which is expensive in terms of fuel waste. Presence of the air-

fuel mixture in an intake manifold invites backfire, which is hazardous as well as un-
desirable tactically.
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SECTION III. SUPERCHARGER PRINCIPLES /02 |

3-1. GENERAL.

a. Supercharzing, sin ply defined, 1s any assistance given to the engine intake process
tarough the use of supplementary fans, blowers, and compressors. The primary reason
for supercharzing 1s that it greatly increases the power output of an engine with very lLittle
consequent increase in weight., The supercharger accomplishes this feat by increasing the
overall efficiency of the engine. The overall efficiency of an internal combustion engine is
affected by many factors, and the one we are concerned with nere is volumetric efficiency —
efficiency that is increased by supercharging., Volumetric efficiency can best be defined
as the ratio of weights of the air actually drawn into the engine over a definite period of
time to the quantity that would be 1nducted 1n the same length of time if it were not for the
many losses present 1n “ny engine, such as leakages, friction losses, heat transfer losses,

€C.

b. The term "volumecric efficiency' is slightly misleading when used in relation to
internal combustion engines, since the efficiency 1s actually comprised of a ratio of weights
and not volumes. When the term is used in connection with pumps and compressors,
however, the ratio is of volumes; this is how the term evolved.

3-2. PRINCIPLES OF SUPERCHARGERS.

a. Properties of gases and their relation to supercharging.

(1) General. To understand the principles of supercharuiing, a general knowledge
>f mass, volume, and density, as applied to gases, is necessary. All matter can be
classified into solids and fiuids; and fluids may, in turn, be subdivided into liquids and
tases. The weight of any substance is dependent upon its density, and the density of solids
anc liquids may be considered tc be essentially constant. This is not the case with gases,
avwever, for the density of jases is proportional to the pressure applied. In other words.
vaen the sressure <pon a 2as 1s increased, 1ts density also will increase; therefore, two
1dentical volumes of gas uncer different pressures will not weigh the same. For example,
at sea level about 13 cubic feet of air weighs 1 pound, but at high altitudes, where the
atmospheric pressure 1s lower, the same 13 cubic feet of air would weigh a good deal less.

/0) Mass, weight, and volume. To the engineer, mass has a different meaning
than weight; to the layman, 1n a general discussion such as this, the two may be considered
to be the same. It 1s doudbtful that there will be any confusion between weight and volume,
sut for the saxe of clarity the difference between them is pointed out. Volume refers to the
space sccuplea by matter, and weight refers to the force which a certain volume of matter
woild exert on a scale, From the last statement, it is obvious that the weight of any sub-
stance :s directly proporticnal to 1ts density and volume. The relationship between the
oroperties discussed above will be explained in the following paragraphs.

(3) Bovyle's law.

(a) Any zas may have its volume reduced bv applying pressure to it. This
snenomenon 1§ known as compression. Boyle's law correlates the effect of pressure and
::o:ume upon an 1deal 2as wnose temperature is held constant. A simple statement of this
law 15 the volume of an ideal gas 15 1nversely proportional to the pressure upon it, if the
temperature is maintained constant. :

Note. - Anideal gas is any gas that ciosely follows the relationship set up by Boyle.
There 1s no actual 1deal gas, but air ccforms closely enough to the relationship
<nat it may be considered 1deal.

[+ 1}
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(b) Boyle's law, defined in (3)(a) above, is illustrated in figure 3-1. In this
example we show two piston and cylinder arrangements that are identical in all respects,
except that piston B has 200 pounds applied and piston A has oniy 100 pounds applied. The
weight of the gas in both cylinders is 1 pound. In cylinder A the gas is under a pressure
of 10 FSI and the volume is 100 cubic inches. In cylinder B the pressure is 20 PSI and the
volume is now under 50 cubic inches. In other words, we now see that when the pressure
is doubled, the volume is halved. Another change that has taken place with the addition of
more pressure in cylinder B is that the density of the gas has been doubled, or, stated in
a different way, we now have a mixture that has twice as much weight for every unit of

volume.

Pressure
10 P8I
Area of piston Pressure
10 5q in 20 PSI
Volume Weight of gas Volume
100 cuin lglb & 50 cu in

Figure 3-1, Boyle's law,

b. Air induction 1n unsupercharged engines (normally aspirated). 1be power developed
by a normally aspirated internal combustion engine is largely dependent upon the density of
the air inducted into the engine. In a normally aspirated engine, the air is drawn into the
cylinder on the intake stroke with a force acting upon the gas equal to the pressure diiference
between the atmosphere and the cylinder pressure. The cylinder pressure approaches that
of a perfect vacuum, which is zero pressure, and atmospheric pressure is about 15 PSL,
Therefore, the pressure forcing the air into the cylinder is about 15 PSI (15 PSI minus
0 PSI = 15 PSI). Since the volume (displacement) of an engine is constant, we are limited
in obtaining a high density air charge. The highest density we can obtain (during intake) is
air at the same density as atmospheric air density. It was previously mentioned that the
pressure acting upon the air is 15 PSI; this would be true if it were not for certain inherent
losses prevalent in internal combustion engines. A few of these losses are leakage past the
piston, preventing us from creating a perfect vacuum; pressure drops across restrictions
in the manifold; leakage in the valves; and the heating of the air as it enters the manifold,
which tends to expand the gas and decrease its density, All of these losses add up to one
thing: it is hard for our engine to breathe., This difficulty in breathing causes slow
response when the accelerator is depressed and a reduction in torque output before maximum
power output is obtained. As the engine speed is increased, the breathing of the engine be-
comes increasingly difficult, since each cylinder has a much shorter time in which to fill

itself with fuel-air mixture.

c. Air induction in supercharged engines. We previously explained the importance of
volumetric efficiency to an internal combustion engine, and in the last paragraph we dis-
cussed the problem of breathing, With these two discussions in mind, it is not difficult to
see that we could increase the density of the air entering our engine if we could onlv in-
crease the pressure forcing the air into the engine. Increasing the density of the air would
allow us to burn more fuel effectively and, therefore, increase our power output. This is
precisely what is done in a supercharged engine. A supercharger is essentially a pump
whose main function is to compress the air or air-fuel mixture in order to increase the
density of the charge (fig 3-2). In summary then, a supercharger increases the power out-

put in two ways:
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Figure 3-2. Supercharged engine.

(1) It increases the density of the fuel-air mixture (charge) delivered to the
cylinders of the engine.

(2) It increases the maximum compression pressure. The compression ratio for
any engine is constant; hence, the greater the pressure at the beginning of the compression
stroke, the greater will be the pressure at the end of the stroke (maximum compression
pressure is reached at the end of the compression stroke), This higher compression
pressure increases the power output of the engine because the burning temperature of the
gases 1s higher and, therefore, more energy is releaged per stroke of the engine.

d. Horsepower to intake manifold pressure relationship (for supercharged engines
only). The relationship between the intake manifold pressure and the power output for a
particular supercharged engine is shown on the graph in figure 3-3, where the intake
maniiold pressure in inches or mercury (Hg) is plotted horizontally and the horiepower is
olotted verticaily. By referring to a manifold pressure of 30 inches Hg and then Jollowing
this vertical line up to its intersection with the plotted curve, we see that the power output
ior this engine is 550 horsepower at a manifold pressure of 30 inches Hg. (We previously
stated that atmospheric pressure is about 15 PSI and this is approximately equal to 30
inches Hg.) The reason we point out the power output at 30 inches Hg is because this is the
theoretical maximum horsepower this engine would develop 1if it were not supercharged.
Remember, we previously said that the pressure differential approaches a maximum of 15
£SI in a normally aspirated engine. As is obvious from the graph (fig 3-3), the power out-
put greatly exceeds 550 horsepower —this additional power is obtained by supercharging.
it may appear that the output of the engine could be increased indefinitely by merely
increasing the manifold pressure. This is not true because of the mechanical limitations
of the engine itself. If this pressure became too high, the engine would become perma-
rently damaged or, at the very least, would have its life considerably shortened. Another
efiect of the increasing manifold pressure is an increase in cylinder head temperature
which could easily cause preignition, detonation, and valve burning. To compensate for the
\ncrease in temperature, cooling devices are sometimes used, such as sodium filled valves

and heat exchangers.
e. Advantages of superchargers.

(1) Increase the power output of the engine with negligible increases in engine

we1ght.

(2) Improve the torque output of the engine at higher RPM.

11




(3) Provide better response to throttle position.

(4) Provide better atomization and vaporization of the fuel-air mixture.

550 L A A A L

Horsepower

Clocs oo = o o o o

(v

Manifold pressure {(in Hg)

N Figure 3-3, Horsepower to manifold pressure relationship.

<

f. Disadvantages of superchargers.

(1) Supercharger equipped engines are more expensive,

(2) The engine's maintenance burden is increased by the supercharger's complexity.
The impeller (rotating member) ie a highly machined and carefully balanced part and will
stand very little abuse. A slight nick in this part will cause an unbalance ~—the blower will
not operate at high speeds without excessive vibration and possible damage.

(3) The supercharger requires a large amount of power to drive it and this is
compensated by the increased output added to the engine. But a supercharged engine is not
very economical with respect to fuel consumption.

3.3. TYPES OF SUPERCHARGER SYSTEMS AND PUMPS.

a. Type of drives. Two means of driving supercharger pumps have been used. In one
system, escaping exhaust gas is used to drive a turbine that is coupled to a supercharger
impeller pump; this is called a turbosupercharger, The second method, and most common,
is the mechanical drive, which is powered by a gear train from the engine.

b. Location of pump. Supercharger systems also vary as to location of the pump.
When the pump 1s located between the carburetor and the manifold, it is called an internal
system. When the pump is located in the air induction system in front of the carburetor, it
is called an external system. In the first system the supercharger provides the advantage
of additior ' .uel atomization. In the external system the air intake is increased, since no

fuel is present when the air is compressed.

c. Single stage and two stage. In the single stage the system has but one pump. In
the two stage two impellers are used in tandem to increase pressure, In the two stage it
is necessary to have a cooling device located between the stages, since air temperature
rises when compression occurs and, hence, the air density would decrease. Two-~stage
superchargers are sometimes found in aircraft engines but are not commonly found in

automotive engines.

d. Two speeds. Superchargers with two~speed ratios are sometimes used on aircrait
engines to compensate {or differences in density of air at different altitudes. In automotive
vehicles, superchargers are normally of single speed (ratio). In automotive engines, the
speed of the supercharger will vary only with engine RPM=there is no gear ratio change.
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e. Types of pumps (compressors). /0 7

(1) General. There are four basic types of compressors: diaphragm, reciprocating,
rotary, and centrifugal. For purposes of supercharging, the diaphragm and reciprocating
types can be readily eliminated because of the limited amount of air that they can handle.

The rotary and centrifugal compressors have no reciprocating parts; thus, speeds can be
high and large volumes of air can be handled per unit of time. It is {or this reason that only
rotating compressors, of which rotary and centrifugal are types, can be used for super-

charging.

(2) Rotary compressors. Two common types of rotary compressors are the sliding
vane type and the roots type. Both may be classed as positive displacement types; that is,
a volume of air is trapped, and, leakages being neglected, all of it is pushed out by a definite
movement of a part of the compressor.

(a) Sliding vane compressor (fig 3-4). As the rotor is eccentric to its casing,
rotation causes the vanes to move in and out of their slots in the rotor, with centrifugal force
holding them in or out by means of an eccentric. Note that there is a definite amount of
compression because there is a definite change in the volume of the space between any two
vanes as they are rotated firom the inlet position to the discharge position. Because of the
inertia of the vanes, the speed of the vane type is not as high as that of some other type,
but is sufficiently high to be able to handle a much greater volume of air than a reciprocating
compressor of the same bulk. In addition, the vane type has a tendency toward air leak
around the -anes and toward excessive (riction between the vanes and the rotor and between
the vanes and casing., In spite of these drawbacks, the vane type is used, to a large extent,
for compression of air in amounts up to 2,000 cubic feet per minute and for pressures up to

30 PSI.

Figure 3-4, Vane type pump.

(b) Roots compressor (fig 3-5). The roots pump has two double-lobed
impeilers turning in opposite directions on parallel shaits inside the housing. The
impeliers roll together except for small clearances, alternately trapping the incoming air
or air-iuel mixture and forcing it through the outlet. Since there is no change in volume of
the space between the impeller and casing, the air is not compressed as it is carried around.
When the top edge of the impeller passes the edge of the discharge,.part backflow of air
irom the discharge space will occur untii the pressure in the space between the impeller and
the casing reaches the discharge pressures. It is used to a large extent for supercharging

éiesel engines.

(3) Centrifugal compressor (fig 3-6). The centrifugal supercharger is a non-
positive displacement type compressor of high output capacity. All supercharged Army
engines empiov the centrifugal type supercharger. In this supe rcharger the impeller is
instasied 1n the inlet {rom the carburetor. It has very small clearances and usually is made
of an asuminum-alloy forging which is designed to withstand high centriiugal forces of
sotation and 15 balanced accurately to reduce vicration. The radia! vanes of the impeiter
catch the fuel-air mixture :rom the carburetor and are curved in the direction ot rotation to
receive the fuel-a1r mixture without excessive shock or friction; thus, insuring smooth

9
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operation. Then the air is centrifugally forced through the radial passageway tormed by
the vanes. Due to cent.ifugal action, the air is whirled from the center outward, comi-
pressing the air progressively higher at each succeeding radius while allowing air to rush
in to {ill the void at the center. Note that compression of the air enables it to occupy a
progressively small volume as it travels from the hub, although the passageway may
diverge and offer a larger tlow area at the perimeter. For this reason, the relative
velocity of the air can decrease in passing from the hub to the perimeter, This decrease
of velocity with consequent rise in pressure is called diffuser compression, The air
leaving the impeller has a high absolute velocity due to the rotation of the impeller and
centrifugal force action. This high velocity is reduced when the air leaves the impeller to
enter the stationary ditfuser vanes with a consequent increase in pressure. Actually, there
are three steps in compression in a centrifugal supercharger due to centrifugal action,
diverging contour at outer perimeter, and action of diffuser plate. One of the characteristics
that is associated with the centrifugal superchargers is surging, This action occurs when
the air at outlet pressure exceeds a point of compression for which the compressor 1s
designed and causes air to surge back through the compressor. But with this pressure
relief, the compressor responds by attempting to increase its pressure ratio and, agan,

a back surge is experienced. Thus, a high frequency surge of air back and forth in the
compressor will occur. This is of negligible importance to conventional reciprocating

engines but is problematical when applied to the gas turbines or jet propulsion. This
problem is overcome in gas turbines by using axial flow compressors,

Figure 3-5, Roots type pump.

Figure 3-6. Centrifugal pump.
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(4) Axial flow compressors (fig 3-7). Axial flow compressors consist of multiple
rotors mouunted on a common shafit separated by stators that are f{ixed to the compressor

housing, The surface area of the rotor blades decreases progressively from intake to
outiet, Compression is achieved in easy stages, increasing as air passes toward the outlet,
thus reducing or eliminating the blow back or surge back through the compressor,

POTOR z
staton_ OE OUTLET
rf\" (T VANES

LUN(
] - T

OO TSS>”

GUIDE VANES

Figure 3-7, Axial flow compressor,
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SECTION IV. FUEL INJECTION SYSTEM PRINCIPLES

4-1. GENERAL. With all the problems inherent in the carbureted fuel systems it can readily
be seen why engineers turned to fuel injection systems for a possible solution to some of
these problems. While the fuel injection system is not a panacea for all induction system
problems, it does eliminate many of the more troublesome features of carbureted syvstem

intake manifold design.

4-2. FUEL INJECTION AND DIESEL ENGINES.

a. General. One of the earliest and most common applications of fuel injection
systems has been in the compression-ignited engine {diesel engine). In the diesel engine,
fuel is put under pressure by means of a mechanical pump. Fuel is metered mechanically,
either within the pump or in a separate metering device. The fuel charge is distributed to
the cylinders at intervals timed to the compression stroke and is injected, under high
pressure, into the combustion chamber, Fuel injected into the highly compressed air of the
combustion chamber causes ignition to occur. An excess of air is available at all times,
since air is not throttled, Engine output depends only on the amount of fuel metered into the
cylinder combustion chamber, Diesel engines can use a iess volatile fuel since fuel is
mechanically atomized and vapor is not necessary {or starting.

b. Advantages. The advantages of diesel engines are many. They include:

{1) Fuel economy.

(2) Fuel less flammable.

(3) No electrical ignition required.

(4) Better low-speed torque.

(5) No carbon monoxide in exhaust gases.

¢. Disadvantages. Diesel engines have their disadvantages too. Some of these Jdis-
advantages can be overcome at the expense of some of tae advantages. The most notable

disadvantages are:

(1) Excessive weight.

(2) High initial cost,

(3) Starting rather diificult.

(4) Greater maintenance cost.
4-3. FUEL INJECTED GASOLINE ENGINES.

a. General. In gasoline engines, the fuel is injected in mea sured quantities to the
cylinders. Measuring, distribution, and atomization are performed mechanically (fio 4-1).
The intake manifold has only one function—to provide {ree flow ol air to the cylinder -om-
bustion chamber. However, the air intake is still throttled to cuntrol engine output, na
ignition is still accomplished by electrical spark. Unlike the diese!, the gasoline injected
engine must maintain a close air-fuel ratio to sustain combustion at varying load anc speed
conditions. There is no one single type of injection system. Syvstems vary as to ivpe b
pump, type of distribution systems, and in methods of controlliinc metsring cf {ue..

12
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Figure +-1. Typical injection system.
b. Types of fuel injection systems for gasoline engines.

(1) General. Classification of fuel injection pump and distribution systems may be
made by four broad areas. A discussion of the basic systems follows. It should be
remembered that although these are the basic systems, variations of each or combinations
of some may be found in application. The basic systems are:

(a) Timed injection, independent distribution.

(b) Timeg injection, common ratio.

(c) Continuous flow.

(d) Injection cdrburetion.
(2) Timed injection, independent distribution.
(a) Th:is system iavoives a multiple unit pump that measures and injects fuel
\ntervals timed by a distributor mechanism to coinc:de with the intake stroke
of various cylinders (iig 4-2). The fuel then passes under reiatively high pressure through
1ndependent lines to each cylinder. This allows the injector nozzles to be treated as an

accessory urit., The nozzies are spring-loaded and will discharge an atomized spray of

;uei when pressure in the line overcomes spring pressure. Spring-loaded discharge
nozzles act to minimize iuel inertia problems by maintaining fuel in the lines under pressure

into lines at

during the noninjection period.

(b) The nozzles may discharge either in the intake port, manifold, or comous-
tion chamber in any ot the varied timed injeciion sysiems (fig 4-3). Cenerally, it is pre-
ierred to 1nject the fuel into the intake port. The finely atomized particles of fuel are
sprayed on the head of the hot intake valve. This causes the fuel to vaporize, The vaporized
fuel 15 then drawn into the combustion chamber on the intake stroke. This eliminates
problems that are common to combustion chamber injection such as (1) nigh combustion
chamber temperatures, (2) higher fuel pressures, and (3) clogging. Port injection is
guite satisfactory for engines operating below 5,000 RPM. Above this range, timing of
injection must be very accurate and short since the time the intake valve is open is very
brier. This one reason why high-speed racing cars use combustion chamber injection in
which tzere is no limitation of fuel intake time at high speeds.
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Figure 4-2. Timed Injection.

(¢) Timed fuel mnjection with independent lines and spring-loaded nozcles is
the type of injection system currently used by most US Army tracked vehicles, In this
system fuel is injected into the intake port,

‘ALY VALVE FROM INJEC
- VALVL, NJECTION
&= CLOSING é OPENING pLMP
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’(:/ \\.____ L
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INJECTION
PUMP

I
_<,_~

r PISTON
MOVEMENT
LP[STON

! MOVEMENT : !

/, /S

Combustion ¢chamber injection Intake port injection
Figure 4-3, Combtustion chamber and intake port injection.

(3) Timed injection, common rail distribution. Fuei 1s delivered under a moder-
ate pressure by a common line to spray nozzles in each cylinder (lig 4-4). The 1njector
nozzles are, 1n effect, plunger~type pumps actuated by cams or, in some cases, svlenoids
that actuate the pumps at proper 1ntervals, Actuation ot the injector nozzles by camshatlt
has proved rather expensive, Solenoid actuation has achieved consicderable acceptance.
The primary objection to this type system is that it 1s difficult to vary tuel input uniiormly
among all cylinders,

(4) Continuous flow injection (fig 4-5). Some of the problems of timed injected
systems and cost can be reduced by use ot a continuous nontimed injection. In this system
the fuel is delivered mostly during the interval between intake strokes of the engine cycle.
The air-fuel charge is drawn into the cylinder when the intake valve opens on the intake
stroke. The system 1s free of fuel line inertia problems; however, the fuel meter:iny
oritices must be extremely small because fuel 1s constantly dribbling in, This system 1s
quite low in cost while retaining many of the advantages of injection,
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Tigure 4-5. Continuous fiow injection.

(5) Injection carburetor system. Conventional carburetors .neter fuel and deliver
it at the same pressure potential and at almost the same point in the «1rstream. Separation
ot these two tunctions is accomplished by the injection carburetor. In the injected carburetor
posilive alomization 1s possible because the tuel is atomized mechanically. Considerabie
performance improvement results when the fuel metering force is amplitied and the {reedom
o ceirvery 0 :ny point in the system is attainec by injection. Fuel mnjection's positive
atomization is also helpful in improving pertormance, In this system iuel is supplied to
the cirburetor pump under moderate pressure, The fuelis then :nvtered and sentto 2
supp.ementary pump tnat repressurizes it. The discharge of fuel sccurs above the throttle
to eliminate the protlem of carburetor icing.

c. Controlling the air-fuel mixture ininjected gasoline engines - the problem.

(1) The proolem o: providing fuel to engine cylinders would be comparativeiv

Flgure -0 shows the air-:i.el ratios required by the engine at various throttie and .oaé
concitions, Three concilions are apparent.

(a)

ooy

diing ane .ow speed (A-B).

(b) Zcocnom: range, medium ivads (2-Cy.

]

(¢) FTawer rangewath full jore .C-Dh.
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(2) At idling speed the air-fuel mixture 1s diluted by a high percentage of 1nert
exhaust gases; therefore, an excessively rich mixture to provide combustion must be
supplied. As the throttle is opened past the idling or no-load position, the problem c:
exhaust gas dilution is minimized. At this point the engine operates in its maximum
economy range, 1f the mixture 1s well vaporized and the maniiold correctly designed, the
1éeal 1b-17 to 1 air-tuel ratio can be approached, Due to the lean mixture in this econonty
zone the flame 1s slow 1in traveling through the combustion chamber. Iur this reason the
spark must be advanced for maximum economy. Opening the throttle to approximately the
three-cuarter position in the power range requires a rich mixture tor two reasons,

(a) Maximum power requirement 1s assumed; theretore, = rich maxture
becomes necessary.

(b) Lean mixtures. such as in the ecoromy range, Caus- a tendency toward
valve faiijure,

The first reason is supported by inlormation {ound elsewhere in th.s text which states that
rmaximum power is attained when all the air is consumed. The second reison is apparent
when it 15 rezlized that lean mixtures burn slowly and hence exhaust gases are aotter wnen
they pass through exhaust valves., Also, at higher speed there 15 .ess tirmic tor the exhaust
valves to cool.

d. Controlling the air-fuel mixture in tnjected gasoline engines - solution to the
problem. There are several approaches tor a solution to varving the zir-:uel mixture in
suel injected svstems. Three methods that will proportion both a1r and iue! are (1) throttle
controj of botk air and :uel by mechanical iinkage; (2) throttle coniroi ot air supply, <tusing
automatic control ot tuel; and {3) throttle control oi tuel causing autoniatic control of air,
Methocs (1) and (2) are the ones employed 1n most military tricacd vehic.e angines and are

the ones ciscussed,
(1) Control by mechamcal linkage. In this method the atce.erator s connecier DY
.inkage lo the throttle valve in a way similar to that tounc 1n the ¢ :roureled svstem .o .vatro.

tne a1r intake., The linkage is also connected to a metering cevice to mechkaniczl.y Mot r
the tuel 10 corresponding amounts to maintzain the proper atr-itue. ratie.

12,
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(2) ‘Throttle air control and automatic fuel control. This system is employed in
tne Summongs tuel tniection ystems used in engines. The air throttle is controlled by
mech amcat snkage.  The fuel 1s metered by sensing the engine speed and intake air density
s transiating this situ worresponding tuel discharge. The engine speed factor 1s imposed

on the pump éirectly by the engine. Manifold pressure can be used as a measure of air
iensily 1t compensation tor temperature is made. As a reliable indicator of mass airflow
at - coenstant temperature, manifoid pressure is sat:sfactory over the entire speed range.
Alr densitv change due lu variance in temperature, however, is guite >1gmucant. For
exarmple, to maintain a 12 to 1 air-ruel ratio of 0° F manifold temperature, an engine may
cwmo 143 cupic teet 0. atr, This same engine must induct 195 cubic feet of air to hold the
s<ide alr-:ue. railo at 10G° F. This additional air cannot be inductec since the engine is

¢ 151, 2iiv . constanl voiume pump, and as a result the air-fuel ratio 1s lowered. Cbviously,
svine means o: compensating for this variance must be provxcea. Fuel flow must be
regw.ated (0 compensate for temperature changes. Error. in fue. {low can also be caused

2y baroumetric and altitude changes. Some systems compensate for these changes.

e. Advantages of fuel injection for gasoline engines. Many advantages are claimed
'or i ected .uel systems, anc a realization of these advantages depends on the type of
sy piury embolovee, the nature ot the 1nstallation, and the type of operation the engine is used
tor. il 15 general., agreed that best results occur when the engine is designed with the
intent o: injecting in mind. Some of the more significant advantages are discussed in the
iollow:ing subparagraphs.

(1) Increased power. Increased power results because of increased volumetric
erriviency due 1o two reasons:

(a) Intaxe marifolds can be simpliiied since their only {unction is to provide
-ir wor «dmbustion. The maniiolds can be made large because tnere is no need to maintain
(1r velocily, such as 1s the case with the carburetor. Hence, the venturi resiriction can be
e.umuinatec. The result is a iree-tlowing air intake allowing a maximum amount of dense
air 10 enter the comuustion chamber, dependent only on the engine demana, Maximum aw

ivatiabliity assures maximum power output.

{b) Injection systems atomize the fuel mechanicalily; no manifold hot spol is
reguirec ‘or vaporization, Elimination of the hot spot on the manifold allows cccl dense
air o enler the combustion chamber. Therefore, a larger amount of air-fuel mixture
{7y weignl) can be packed into the combustion chamber. In the intake port injected engines
the :ue!l 15 not vaporized unlil the piston comes up on the compression stroke. This also

contrisules to a denser air-tuel charge and a resulting increase 1n power.

(2) Torque increase at lower engine RPM. Carbureted engines that depend on
intire alr to meter and transport fuel cannot produce a condition in the combustion
chaimoer concucive to high torque at low RPM. Injected engines can produce opiimum air-
L, anc ive. Charge at a much lower RPM. Camshaits can then be designed to take
acvanlage of this gain and produce higher torque in the lower RPM range. This is

perilcuiar'y acvantageous to vehicles employing automatic transmissions,

(3) Increased economy.

(a) Injecting tue! with precise contro. of the amount and timing of fuel permits
. There 1s much less deposited on the manifuld wall, so the over-

Lairea 15 ,e58 ihan that ot the carburetor svsient,
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(b) Distribution is more uniform among the cylinders. Heavy ends of uel
ithe elements of fuel that .re inert or have high vaporization points} resist vaporizaticn and
canrot be well distributed by an intake manifold. Therefore, the delivered {uel intake may
dif{er among the cylinders. Injected systems distribute fuel in liquid {orm, assuring a
homogeneous mixture in a.l cylinders, Injection of fuel at the intake valve port insures
consumption of all the fuel metered, thus promoting economy.

(4) Improved acceleration. Acceleration is improved because the {uel is injected
ciose to the combustion chamber., This eliminates the lag in acceleration due to the time
required for fuel to pass through the manifold of a carbureted engine.

(5) Icing problems minimized. Occasionally, in carburetion, the formation of ice
partially blocks the venturi. The icing results from the cooling effect o the expanding air
after it leaves the venturi and the vaporization of {uél. When icing occurs, the intake air
18 restricted and the output capabilities ot the engine are limited. Since the injection system
does not have a venturi restriction, this icing problem does not occur.

(6) Backfire is minimized. In port injected systems the danger of backfire s
reduced because there are no hot fuel vapors in the manifold,

(7) Improvec engine attitude. There is much less change in fuel distribution due
to changes in engine position in the injected system. Carburetors are quite sensitive to
engine position due techanges in float bowl {uel level when the vehicle is on an incline.

f. Disadvantages of fuel injection. In a comparison of performance, there is no dis-
advantage of any consequence in iuel injected engines when they are compared with carbu-
reted engines, However, several items of installation and maintenance may be considered

disadvantages.

(1) Due to the nature of the mechanical working parts and their close tolerances,
a finer degree of fuel filtration than that currently applied to the carburetor engine is
necessary,

(2) In order that the fuel injector may meter fuel properly at high fuel temper-
a}tures, a higher fue! supply pressure to the injector is required than that currently applied
to the carburetor system.

(3) The initial cost of the system may be greater, depending on which carburetor
systems are considered.

(4) There are more moving parts in the injector system which may contribute
somewhat to a higher maintenance cost, Adjustment and calibration of injector systems
require skilled personnel and complex equipment,

Vi
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5-1. GENERAL. The Simmonds SU fuel injection system has veen adopted by the Army for
use on some engines. The model used on cach engine may difter, Table 5-1 gives the
engine model and type o! Simmonds pump employed on each production model. As indicated
in tatle 5-1, future engine requirements will be met with injected engines, Figures 5-1

and 5-2 llustrate production model engines employed in tracked vehicles which ualize

fuel injection, All Simmonds SU injection systems are similar in cperation and construction
principles. However, their \nstallation on engines varies as to the type of auxiliary controis

used.

SECTION V. SIMMONDS FUEL INJECTION SYSTEM, DESCRIPTION
AND PRINCIPLES OF OPERATION

Table 5-1. Simmonds Fuel Injector Pump Assemblies in Ordnance Number Sequence.

Engine i

application |

Continental !

Crdnance Federal Simmonds Model | Simmonds model Continental I

part No stock No part No No type No part No ,

7973713 2910-333-5006 | 570057 SU-15G3 SU-15 AVI 1790-8 551903 !

79740093 2910-571-6981 570060 SU-15C5 sU-15 AVSI 1790-6 552049 ‘
7974355 2910-695-2962 | 570062 SU-15D7 sU-15 AQSI 895-5 552082

3735882 2010-571-67606 | 570214 SU-570 SsU-570 AQI 402-5 5289540 !

8725100 2910-678-7100 | 570080 SU-570 SU-570 AVI 1790-8 553052 !
7017523 570099 SU-570 SU-570 AQSI 895-5 553739

10865193| 2910-714-8653 572000 sU-570 SU-570 AVSI 1790-6A 554250 H
570057 2910-333-5006 | 7973713 | SU-15G3 sU-15 AVI 1790-8 551903
570060 2910-571-0981 7974093 |SU-15C5 SU-15 AVSI 1790-6 552049
570062 2910-695-2062 | 7974355 |SU-15D7 sU-15 _AOSk 895-5 552082
570214 2010-571-6766 | 8735882 |SU-570 SU-570 AOQOI 402-5 551963
570080 2910-678-7100 | 8725160 |[SU-570 SU-570 AVI 1790-8 553982
570099 7017523 |SU-570 SU-570 AQS1 895-5 553739
572000 2910-714-8653 10865193 | SU-570 SU-570 AVSI 1790-6A 554250

5.2. DATA. Table 5-2 provides the general data applicable to a typical SU fuel system
employing the SU series injector pump (fig 5-3 thru 5-6).

Table 5-2. General Data, Typical SU Fuel System.

Overall length 8,87 in
Diameter at mounting end Approx 4 in
Maximum height from centerline at
solenoid end of injection pump 4, 62 in
Maximum fuel delivery (1b per
revolution) 0.00369
Minimum engine oil pressure 30 PSI
Minimum fuel pressure 15 PSI
injection pump mounting Mounting pad and 3 studs, 5/lo-
in diameter *
Mounting drive ratio (to crankshaft) 1:1
Weight of pump Approx 8 ib
injector nozzie mounting Bosses on intake manifold
Weight of injector nozzie Approx 3 oz
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A—Capillary tube assembly
B—Capsule cross-pin

C~Capsule adjustment nuts
D~Capsule assembly

E-0il valve spring plate, and shaft assembly
F~0il drain hole

G-—Outer tuning spring

H-Inner tuning spring
J—Mainshaft assembly
K—Tuning spring retaining plate
L—Wobble plate ball

M~Wobble plate

N—Plunger block assen.Sly
P-Distributor valve

Q-Fuel port

R-Splined end of mainshaft assembly
S-Distributor block assembly
T—Mainshaft eccentric

U-Ring gear assembly
V-Mainshaft cross-piece oil hole
W—Inner and outer plunger springs
X-Plunger assembly

Y -Skew shaft

Z—Main body

AA-Inner tuning spring shim
BB-Sandwich piece assembly
CC-Manifold pressure port

Figure 5-3. Fuel injector pump asscmbly 7973713 —crosssectional view.
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ADJUSTMENT SCREW
COVER

ADJUSTMENT SCREW

TUNING SPRING

DIAPHRAGM ASSEMBLY
VALVE SEAT

NEEDLE VALVE

~+——PUMP MAIN ASSEMBLY

IDLE ADJUSTMENT
SCREW

IDLE ADJUSTMENT
ASSEMBLY
RAPD 386539

Figure 5-1. Fucl injector pump assemblics 7974093 and 7974355 ~-crossssectional view.
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A—Check nut

B—Capnut

C—Capsule "0” ring praformed packing
D-Capsule assembly
E—Sandwich piece gasket
F—Mainshaft assembiy
G—Skew shaft

H-Wobble plate ball
J=Plungér block assembly
K-Plunger block thrust washer
L—Plunger block thrust seal
M—Distributor block assembly

N-Splined end of mainshaft
P—Mainshaft eccentric
Q-Distributor valve
R-Ring gear assembly
S—Inner plunger spring
T-0Quter plunger spring
U-Plunger assembly
V-—Wobble plate

W-Inner tuning spring
X-Outer tuning spring
Y—Sandwich piece assembly

Figure 5-3. Fael mnjector pump ssembly 8733882 ~c¢rosssectional view,
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Figure 5-6. Simmonds fuel jector pump.
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5-3. GENERAL DESCRIPTION. The injector pump is comprised of these major parts or
subassemblies: the capsule housing assembly, the sandwich piece assembly, tuning spriags,
pump body, skew shaft, main shaft, wobble plate and ball, plunger block assembly, ring
gear, distributor valve, distributor block, and the injector nozzles. See figures 5.7

through 5.21.

a. Capsule housing assembly. Enclosed and supported by the capsule housing is the
capsule assembly and, if used, the temperature sensing bulb, the idle control device, and
the fuel metering control valve, A threaded shoulder with two adjusting nuts provides for
vernier adjustment of the capsule,

b. Sandwich piece assembly. Included in the sandwich piece assembly is the central
bore that supports the servovalve shaft and an oil restrictor leading to the oil drain

passage.

¢. Tuning springs. There are two tuning springs. The outer one bears against the
servovalve and the servo of the skew shaft., The inner smaller spring is retained to a
shoulder on the servovalve, The tuning springs regulate the position of the servovalve and
skew shaft in response to force differential in the servosystem.

d. Pump body. Included in the pump body are a bore for the skew shaft, a spherical
socket in which the wobble plate oscillates, and oil inlet and outlet passages,

e. Skew shaft. Located on one end of the skew shaft is the servopiston, The other
end of the skew shaft is set at an angle (skewed) and passes through the ball ring, On the
skewed end there is a slot that engages a lobe on the main shaft, permitting the skew shaft .
to be driven by the main shaft. The angular position of the wobble plate is dependent on the )
axial movement of the skew shaft. Pressure differential across the skew shaft and tuning

springs produces the axial movement,

f. Main shaft. The main shaft is driven by the engine through a splined coupling, A
lobe on one end engages and drives the skew shaft, On the other end there is a cam that
actuates the fuel distribution valve. A drilled passage through the lobe and center of the
main shaft permits passage of oil to the servochamber,

g. Wobble plate and ball. The wobble plate is mounted ~n the ball and seats in the
spherical socket provided in the pump housing. Rotation of the skew shaft causes the
wobble plate to oscillate, thereby actuating the pump plungers, The position of the ball
ring on the skewed portion of the skew shaft determines the length of the plunger stroke

and the quantity of fuel output,

h. Plunger block assembly. Included in the plunger block assembly are the plunger
block, plungers and plunger springs, O-ring, and the wave spring. Movement of the piungers
is caused by the oscillation of the wobble plate, while the length of the stroke is regulated by
the position of the wobble plate on the skewed portion of the skew shaft, The fuel pump
forces fuel into the respective plunger bores and is injected in a timed sequence,

i. Ring gear and valve. The ring gear is sandwiched between the pump body and
distributor block and remains stationary. Internal gear teeth of the ring gear mesh with
the teeth of the valve gear. The valve serves to distribute the fuel to the proper ports,
The valve has ports that aline with the ports in the distributor block and the plunger block
assembly, permitting the intake and ejection of fuel in properly timed sequence when
rotated by the main shaft cam,

j.  Distributor block. The distributor block has a support bearing for the mawn shait
and drilled passages for the fuel supply, fuel venting, fuel discharge, and oil supply and

drain,

28
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A-Capsulz assembly

B--0il valve and shaft assembly
C-Outer tuning spring
D--Inner tuning spring
E--Skew shaft servopiston
F-Skew shaft

G-Alternate supply oil inlet
H--Plunger asscmil);'
J~Plunger bore

K--Plunger block
L--Distributor valve

M-~ Main shaft eccentric
N--Distributor block
P--Fuel inlet
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Figure 5.7.

Q--Supply oil inlet

R~-Drain oil outlet

S--Fuel outlet (to nozzle)
T-Ring gear assembly
U-Distributor valve port
V-Main shaft oil inlet
W--Wobble plate

X.--Wobble plate ball

Y--Main shaft assembly
Z--Main shaft oil outlet
AA-Sandwich piece assembly
BB--Drain oil orifice
CC-Manifold pressure connection

ORAIN Ofl
SUPPLY OiL
SERVO OfL
FUEL AT NOZZLE PRESSURE

FUEL AT INLET PRESSURE

ENGINE MANIFOLD PRESSURE
(CAPSULE CHAMBER PRESSURE)

Fuei injector pump assembily 8735882-~functional diagram,
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k. Injector nozzles. The nozzle is comprised of the valve, spring, filter screen,
and the injector retainer. The number of cylinders determines the number of nczzles
required.

54, CONSTRUCTICN OF COMPONENTS.
a. Capsule housing assembly (fig 5-8 thru 5-10).

(1} The aluminum housing contains the capsule assembly. . When. used, the
temperature bulb and capillary tube are permanently affixed to the capsule and are con-
sidered as part of the assembly. The housing has a threaded boss that mounts the two
capsule adjusting nuts, Studs are provided on the circular flanged face lor mounting the
capsule housing on the sandwich piece and main body.

A~CAPSILE ASSY. 7043937 3=NO, 10 :NT-TEETH {OCK WASHER-28044 ANDIS. A0
B~ CAPSULE “O" RING PREFORMED PACKING-94008 MS26513 12 K~CAPULLARY TUBE CLAMP--989CE-MS2191F4

C~'wIN. HEX-HD PHE PLUG- 38044-ANSI3.} 1-NO 10 SCYEW~85044 AN14SSSS

D-3OITOM CAPSULE ACJSUSTMENT NUT.-8389842 M_‘.CAMLARY TUBE ASSY W TEMPERATURE

§—~CAPSULE CRCSS-PIN-7T932.57013¢ BULB ASSY~NC NUMBER

F-T10P CAPSULE ADSUSTMENT NUT 8329843 -

G-METERING HD HOUSING W STUDS -77932-570752 ¢ w—C

H-LOCKING WIRE~Q (32 DIA 81

fcms 10 9 73

Figure 5-8. Original metering head assembly—exploded view.

(2) The capsule assembly is housed in the aluminum casting with the stalk o! the
capsule passing through the central bore of the threaded boss fig 3-9,. An adjusting pin
pas3es through the capsule stalk and threaded boss at right angles to their axes. The
adjusting pin is nested between the two adjusting nuts. Movement of the adjusting nuts
causes axial movement of the adjusting pin ana capsule stalk (the adjusting pinhole in the
threaded boss is elongated to permitl axial motion). This movement changes the fuel output
of the injector pump.

(3) six studs protruding from the capsule bore opening side of the housing serve to
attach the sandwich piece and capsule housing to the pump body.
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Figure 5-9. Capsule housing assembly-—cross section.

r LM 179 ! "'?]
INCHE (-

A (CAPSULY ASSY 7043987

._!CAPSULE O* RING PREFORMED PACKING
76906 M29513-12

C-fadN HELHD PIPE PLUG 88044-AN933

D- |8OTIOM CAPSULE ADJUSTMENT
NUT 8389862

E. CAPSULE CROSS PIN-77932.570134

£~TOP CAPSULE ADJUSTMENT NUT--8389863
METERING HD HOUSING W STUDS--
77932:570752

H-PLUG—7017522

RA PO 386562

Figure 5-10. Converted metering head assembly (capillary tube
and temperature bulb removed)—exploded view.
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(4) Provision for mounting two manifold pressure sensing tubes is made with two
threaded port bosses on the side of the housing. The capillary tube of the temperature bulb
is attached to an adjacent boss. Since the capillary tube is permanently affixed to the
capsule housing assembly, it should not be tampered with. The capillary tube and sensing
bulb are not used on new engine applications or rebuilt pumps because it has been dis-
covered that manifold heat changes affect the capsule without using the heat sensing bulb.

b. Sandwich piece assembly (fig 5-11).

(1) The sandwich piece is a machined aluminum disk with a boss on one side. A
central bore through the boss supports the servovalve shaft while 2 counterbore receives.
the servovalve shaft oil seal. An oil restrictor passage extends at an angle from the
central part of the sandwich piece to be joined to the oil drain passage of the main pump
body by a drilled passage and a counterbore.

(2) A tapered cone on one end of the servovalve shaft seats in a miniature bearing
pressed into an outer race. The bearing is permanently lubricated by grease placed ina
soft copper cup before it is permanently attached to the outer race of the bearing. On the |
other end, the servovalve shaft is pressed into the servovalve seat. The brass bushing in |
the central bore is drilled to permit oil to drain into drilled passages from the valve seat |
restrictor passage. A brass plate across the top of the sandwich piece boss retains the
oil seal.

J2d

(3) Six equally spaced drilled holes around the outer periphery receive the studs
of the capsule housing and .. rve to fasten the sandwich piece to the main pump body. The |
seventh hole is a continuation of the accelerator pump oil passage.
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Figure 5-11. Sandwich piece assembiv.
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c. Tuning springs (fig5-12). The inner and outer tuning springs are made of music /Q_?

wire. The tuning springs provide the force differential to position the skew shaft and
wobble plate when the oil pressures on both sides of the servo are balanced. It is in this
manner that the fuel is metered to meet manifold pressure and temperature changes.,

..~ QUTER
TUNING
SPRING

Figure 5-12. Tuning springs.

d. Pump body (fig 5-13).

(1) The one-piece aluminum casting pump body contains the following: centrs.
bored noie, drilied o1l drain passage, threaded oil supply port, spherical surface with
three equa.ly spaced siots extending radially from the central bore, and a stepped counter-
bore with a locating slot to receive the dowel pin of the piunger block assembly.
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Figure 5-13. Pump body.
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(2) The central bore receives the servo of the skew shaft and serves as a serve

chamber., The spherical surface at the one end of the central bore will position the wobble
plate that is mounted on the skew shaft by a ball ring, The angular position of the wobble
plate is varied by the axial motion of the skew shaft in its bore and determines the quantity
of fue] displaced by the plungers. Rotary motion of the wobble plate, due to rotation ot the
skew shaft, actuates the plungers which receive and eject the metered {uel to the various
cylinder nozzles.

(8) The stepped bore provides a seat for the plunger block assembly and a locating

slot receives the dowel on the plunger block.

{4) The smaller round flange has six stud holes on the mounting face to receive

the studs that mount the sandwich piece and capsule housing assembly. The three holes in
the larger flange that have raised bosscs admit the studs of the engine mounting pad. The
hole drilled lengthwise through the pump body connects the oil drain passage o: the capsule
housing with a similar passage in the distributor block., A 1/8-inch pipe thread port s
provided for use when supply of engine oil pressure is made externally,

Skew shaft. The skew shaft (fig5-14) is a machined meehanite casti. ,, When
placed in position, the end with the servo fits into the central bore of the pump body and
retains the tuning springs, A forked end on the skewed portion of the shaft engages and is
driven by the lobe on the main shaft. A central bore permits the skew shaft to slide axially
over the main shaft. Differences in oil pressure on either side of the servo and the force
of the tuning springs will cause axial motion of the skew shaft., The angular position of the
wobble plate is determined by its position on the skewed portion of the skew shaft.

Note. - Meehanite is a high grade of cast iron with excellent wear resisiance and seli-

lubricating properties.

EAVO PISTON

SKEWED s
FORKED END ‘&

CENTRA
BORE

Figure 5-14. Skew shaft.

Main shaft. The main shaft (fig 5-15) is a steel rod with a splined end coupled to

the engine accessory drive, The shaft nas a lobe for driving the skew shaft and an eccentric
cam to actuate the fuel distribution valve, A hole drilled transverse to the axis of the

shaft and extending through the lobe to a central bore provides an oil passage to the upper
servochamber. The central bore terminates at the servovalve seat,
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Figure 5-15. Maid gﬁifz.
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g. Wobble plate and ball. The ball and wobble plate (fig 5-16) are hardened, /g/
machined steel parts. The wobble piate seats in the spherical socket of the pump body.
The ball serves as a flexible joint, allowing the wobble plate to oscillate when driven by the
skewed portion of the skew shaft. The radial and axial movement of the periphery of the
wobble plate causes the piungers to receive and eject fuel in the proper sequence,

.~ WOBBLE
PLATE

PLUNGER §
sLoCK — ¥

POSITIONING
DIWEL

PIN 0" RING

Figure 5-16. Wobble plate, ball, and plunger block assembly,

h. Plunger block assembly. The plunger block (fig 5-17) is a machined aluminum or
meehanite cylinder that has a central bore and ¢qually spaced plunger bores. The plungers,
inade of chromium plated brass, are interchangeable. The skew shait and the main shait
pass through the central bore, The springs in the piunger bores load the plungers against
the wobbie piate and, as previously explained, the plungers are actuated by the wobble plate.
A wave spring loads the plunger block assembly against the valve gear to form a seal, The
C-ring, on the outer peripinery of the plunger block, is a seal to prevent the oil {rom leaking
into the fue.. The piunger block assembly seats in the stepped bore of the pump body where
it is positioned by a iocating dowel and retained by a large circlip.
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Figure 5-17. Plunger block assembly.
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i. Ring gear and valve.

(1) The annular ring (fig 5-18) is an internal toothed, annular ring gear held in a
fixed position between the end cover and the pump body by three studs. The internal teeth
mesh with the external teeth of the distributor valve. Drilled holes allow continuation of
the oil supply and drain passages in the pump body and distributor block.
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HOLE ENGINE
TIMING MOUNTING
/M“ X HOLE

““””«il

)
1
»
2

0
t
L
i

‘.

N
o

MOUNTING
:'.U COVER HOLE

STUbD HOLES

Figure 5-18, Ring gear and gaskets.

(2) The valve (fig 5-19) is a machined meehanite casting, resembling a gear, with
eight kidney-shaped ports equally spaced that meet with eight drilled holes coming through
from the other side. The kidney-shaped ports and drilled holes deliver fuel from the
plunger bores to the distributor block passages in proper sequence. The external teeth of
the valve mesh with the teeth of the ring gear, The central bore {its over the eccentric of
the main shaft. Pressure from the wave spring sandwiches the valve between the plunger
block and distributor block., A timing mark on the valve is to be alined with a similar
mark on the ring gear to secure the correct relationship between the wobble plate throw and
the position of the main shaft eccentric,

(3) Revolving the main shaft eccentric in one direction will cause the valve to
rotate in the opposite direction, The ratio between the valve and ring gear is 8 to 1, Hence,
one revolution of the matn shaft will result in one-eighth of a revolution of the valve. Fuel
:ntake into the plunger bore is controlled by the edge of the valve. The action of the valve
1s timed with the stroke of the plunger so that the inlet opening to the plunger bore is
uncovered when the plunger is on the intake stroke. After completion of the intake stroke,
the valve moves to aline the kidney-shaped port and drilled hole with the discharge port of
the distributor block. Each plunger will deliver fuel through each of the kidney-shaped
ports in turn.
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Figure 5-19, Distributor valve.

j. Distributor block.

(1) A cylindrical, machined, meehanite block forms the distributor block (fig 5-20)
for the pump, It is comprised of the following components: oil inlet and outlet passages,
fuel vent port, two alternate fuel inlet ports, and a central bore to support the main shaft
bearing, Three studs located on the machined surface mount the distributor block to the
pump body. Three holes passing through the casting permit mounting the entire pump to
the engine. The arrow stamped on the distributor block indicates the direction of main

shaft rotation.

(2) A 1/8-inch pipe-threaded brass fitting retains a fixed restrictor and vents fuel
and vapor back to the fuel tank, The six outlet fuel fittings are lettered alphabetically to
indicate the sequence of discharge. Two 1/4-inch threaded ports permit fuel to be supplied
from either side of the pump. The two inlet drilled passages and the vent port are inter-
connected by the annular groove on the machined face of the distributor block,

(3) The six passages on the machined face are connected to the lettered discharge
ports; each passage receives fuel from a plunger, and deiivers it to the nozzle.

{4) The main shaft passes through the central bore and is retained by a split
sleeve held together by a clip. Main shaft end play is controlled by shims placed between
a thrust collar and the counterbore seat. Oil supply and oil drain passages on the engine
rmounting face mate with similar passages on the engine accessory mounting pad.

k. Injector nozzles. An injector nozzle (fig 5-21) is mounted on a boss on the intake
manifold tube for each cylinder. The position of the valve is such that fuel sprays through
the open intake valve port and into the combustion chamber as the air charge enters. The
nozzles incorporate a filter screen and a pintle valve which is spring loaded to prevent
leaking, Fuel pressure of 50 to 70 PSI is required to open the valve. The hemispherical
shape of the valve and its seat promote better seating as the valve wears. This design
also helps to make the nozzle self-cleaning, since dirt particles are forced from the seat
by accelerating the engine just long enough to force an increased amount of gasoline through
the nozzle.
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Figure 5-20, Distributor block,
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Figure 5-21. Typical injector nozzles.

1. Differences between models,

(1) Differences between plunger block assemblies.

(a) The plunger block assembly originally used in fuel injector pump assemblies
7973713, 7974093, and 7974355 has six plunger bores arranged in three pairs. Six plungers
are used, one in each bore, and they are spring loaded by one inner and one outer plunger
spring in each bore. Plungers are positioned in the bore, threaded end first. Replacement

plunger block assemblies are described in c below.

(b) The difference in the plunger block assembly used in fuel injector pump
assembly 8735882 is that it has three plunger bores, plungers, and inner and outer springs
for each bore (fig 5-22).

SMALL
PLUNGERS

THREE-PLUNGER SIX.PLUNGER
BLOCK ASSEMSLY 8LOCY. ASSEMBLY

Figure 5-22. Original plunger block assemblies—~fuel injector pump
assemblies 7973713, 7974093, 7974355, and 8735882.
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(c) The replacement plunger block assembly for fuel injector pump assemblies
7974093 and 7974355 has three larger bores, three larger plungers, and also uses three
inner and outer plunger springs (fig 5-23).

LARGE
PLUNGERS

RA°0 726543

*

Figure 5-23. Replacement plunger
. block assembly ~fuel
injector pump assem-
blies 7974093 and
7974355,

(2) Differences between metering head assemblies.

(a) Physical appearance and functional characteristics of metering head
assemblies are the chief differences between pump assemblies. Fuel injector pump
assemblies 7973713, 7974093, and 7974355 basically have a physically similar metering
head. Fuel injector pump assemblies 7974093 and 7974355 metering heads, however, have
additional devices mounted to them. The :..etering head used on fuel injector pump assem-
bly 8735882 15 completely different than those used on other fuel injector pump assemblies.

(b) Immediate identification of fuel injector pump 7973713 metering head
assembly can be made from presence of a capillary tube and temperature bulb assembly
mounted to the casting, and absence of an idle adjustment assembly and metering valve
assembly. Some early models of fuel injector pump assembly 7974093 may have a zasket
and plate secured to the obsolete solenoid mounting flaz.e on the metering head. The
metering head must have this optional construction if there is a hole through the recessed
aperture into capsule chamber of the metering head.
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(c) Fuel injector pumps 7974093 and 7974355 metering head assemblies are /.97
structurally similar to basic fuel injector pump 7973713 metering head assembly, but have
additional devices mounted to them with applicable ports and screw holes drilled to receive
the new connections and mounting screws., They both retain the temperature bulb and
capillary tube assembly mounted to the metering head., Fuel injector pump 7974093 has a
long capillary tube, while fuel injector pump 7974355 is shorter in length, Positive identifi-
cation of a pump assembly can be made by checking the nameplate attached to the pump main
body. If the manufacturer's part number is 570060, the Ordnance number is 7974093.

Pump assembly 570062 corresponds to Ordnance part number 7974355,

(d) Fuel injector pump metering head as sembly 8735882 is structurally
different than all other metering head assemblies. It is secured to the sandwich piece
assembly and main body with six metering head bolts, nuts, and washers rather than
studs. It has no capillary tube and temperature bulb and no devices mounted on it.

(3) Differences between tuning springs and shims.

(a) All outer tuning springs are different, although similar in physical
appearance., Spring rate of each varies from pump assembly to pump assembly and is a
critical operational variable which affects fuel output.

(b) Inner tuning springs are also similar in appearance, although completely
different in spring rate. They vary from pump assembly to pump assembly and affect the
fuel output.

(c) Shims are used to adjust effective length of inner tuning springs. This
adjustment is made during calibration of the pump assembly, Changing length of inner
tuning springs affects the point at which springs contact skew shaft servo piston to
influence axial movement of skew shaft, The difference between shims is their thickness,
which ranges from 0.005 to 0,015 inch.

5.5 PRINCIPLES OF OPERATION—GENERAL. The SU fuel injection system operates on
the principle of speed density metering. It senses the variations in engine speed, intake
manifold pressure, and intake manifold temperature, and meters fuel at the desired rate
for any combination of these variations. Basically, the injection pump is multiplunger axdal
type with a variable stroke. The main shaft of the pump is spline-coupled to the engine and
driven at engine crankshuft speed. Mechanical variations on pump action are the result of
an internal pressure differential. The pump uses oil from the engine lubrication system as
a medium for this pressure differential.

5-6. OPERATION OF SIMMONDS PUMP. See figure 5-24.
a. Plunger block assembly.

(1) Actuation of the plungers in sequd ce in the plunger block is obtained by the
axial and rotary motion of the wobble plate.

(2) The length of the plunger stroke determines the amount of fuel that will be
delivered to the cylinders.

b. Skew shaft and main shaft.

(1) The wobble plate is fitted over the skewed portion of the skew shaft. The skew
shaft, in turn, is mounted over the main shaft and is driven by a lobe on the main shaft
whiie remaining free to move axially along the main shaft.

(2) The stroke (displacement) of the pump plunger is dependent on the angular
position of the wobble plate on the skewed portion of the skew shaft.

(a) Skew shait at bottom position - <troke length and displacement is maximum.

(b) Skew shaft at top position - stroke length and displacement is minimum.
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(3) One end of the skew shaft forms a servopiston., Two tuning springs act to /j i

keep the servo and the skew shaft in the down position,

c. Oil flow.

(1) Engine lubrication oil is admitted into the pump housing at a point just below
the wobble plate. The oil is under at least 30 PSI and filtered.

(2) Oul enters the housing and passes through three slots in the spherical socket
that supports the wobble plate and acts against the bottom of the servo, This oil pressure
tends to move the skew shaft servo against the tuning springs toward the top of the housing
to reduce the amount of fuel metered to engine cylinders.

(3) Oil under pressure also passes through the servo inlet passage at the lobe of
the main shaft and up the central bore of main shaft toward the top of the skew shalft.

(4) Passage of o1l out of the main shaft central bore is controlled by the servo-
valve and spring seat. The position . the servovalve is controlled, in turn, by the capsule
position.

d. <Capsule housing assembly.

(1) The czpsule unit provides a means of translating intake manifold temperature
and pressure changes into oil pressure changes across the servosystem, thus positioning
the skew shaft and regulating plunger stroke length and fuel output.

(2) The capsule is seated on the servovalve shaft, A ball bearing is provided to
allow the servovalve to rotate with the main shaft while the capsule remains stationary.

(3) Externally, the capsule is subjected to intake manifold pressure. A tube
connecting the capsule to the intake manifold admits manifold pressure to the capcule
chamber. The capsule is filled with dry nitrogen that contracts or expands according to
temperature and pressure in the manifold.

(4) The pneumatic loading of the capsule, as a result of the internal and external
pressures aid external temperatures, determines its degree of longitudinal expansion and
. .etermines, through the shaft, how far the servovalve is off its seat., The position of the
servovalve retards or speeds up the flow of oil to the top side of the servo.

e. Metering fuel with high manifold pressure.

(1) Oil enters the housing and acts on the bottom of the skew shaft servo. Oil also
passes through the main shaft central bore.

(2) The capsule will contract due to the increased manifold pressure and temper-
ature. With the capsule contracted, the servovalve will open (tuning spring forces servo-
valve up) and allow passage of oil to the top of the skew shaft servo,

(3) Oil pressure will build up on the top side of the servo until the oil pressure on
top of the servo 1s equal to the oil pressure on the bottom of the servo, Excess oil is
metered through the restrictor and into the return oil passage.

(4) When o1l pressure on both sides of the skew shaft servo are equal, a difference
in pressure wili be caused by the tuning springs. Hence, the tuning springs will push the
servo and skew shaft down,
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(5) With the skew shaft in a downward position, the wobble plate ball ring will be

located at the maximum skewness point of the skew shaft, Thus, maximum plunger stroke
and full delivery will result,

f. Metering fuel with low intake manifold pressure.

(1) With low intake manifold pressure, the capsule will be expanded and the servo-
valve opening will be closed or limited, depending on the degree of manifold pressure,

(2) With the servovalve restricting the passage of oil to the top of skew shaft servo,
oil pressure on the hottom of the skew shaft servo will be greater than the pressure on the
top. The skew shaft will move upward and the wobble plate will be located at the minmimum
skewed point of the skew shaft, Flunger travel and fuel delivery will be decreased,

(3) V'hen the servovalve is completely closed no oil will pass to the top of the
servo. The skew shaft will move to the extreme upward position due to oil pressure on the
hottom of the servo, and no frel will flow, _

g. Metering variations due to temperature change. The manifold air temperature
exerts pressure on the inside of the capsule unit, depending on the temperature of manifold
air,

(1) High temperature - capsule tends to expand and restrict servovalve opening
and, hence, decreases the amount of fuel metered,

(2) Low temperature - capsule contracts, allowing servovalve to open, which
results in an increased fuel flow.

Note. - The relationship of components involved in metering is indicated in figure 5-25,

h. Fuel flow. At the bottom of the plunger block assembly is the distributor
assembly consisting of the annular ring and valve., In contact with the plunger block 1s the
distributor valve., The plunger block is spring loaded toward the distributor block, and
the distributor valve is thus held in close surface contact between the two parts, The
eccentric crank portion of the main shaft fits in the central bore of the distributor valve to
actuate it, Fuel intake, distribution, and discharge are controlled by position of the
distributor valve in relation to the plunger chamber holes, distributor block discharge holes,
and intake chamber.

(1) Fuel intake.

(@) Fuel enters the inlet hole on the distributor block under moderate
pressure. ruel then passes into the annular passage in the distributor block and 1s retained
in a chamber formed by the distributor block annular passage on the bottom and the plunger
tlock and C-ring seal at the top, Fuel and fuel vapor are metered back to the fuel tank
through the restrictor that is connected to the annular groove.

(b) Movement of the main shaft eccentric crank moves the distributor valve so

that the plunger chamber openings are alined in proper sequence with the open space
between the distributor valve and the stationary ring gear when the plungers are on their
intake stroke, Hence, fuel is forced from the fuel chamber into the plunger,
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(2) Fuel distribution. The pump is capable of providing fuel for a bank of six
cylinders. Although there are six plungers, they are arranged so that they are paired in
action and they actually function as three plungers. Most new applications use a three-
plunger block. To accomplish delivery of the fuel to two alternate engine cylinders from a
single plunger, the outer teeth on the valve gear are in a ratio of 8 to 1 to the internal teeth
on the stationary ring gear. The valve gear has eight kidney-shaped ports. As the main
shafit rotates, the valve gear rotates at one-eighth shaft speed and in the opposite direction,
The kidney-shaped poits therefore move one-eighth turn from each revolution of the main
shaft. Since passages are drilled at alternate ends of the ports it is possible to arrange
for fuel delivery to the outlet ports at the desired time.

i. Lubrication. There is no separate lubrication systern for this pump. Lubrication
is accomplished by the fuel and the servo oil.
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SECTION VI

a. Idle control device (fig 6-1).
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IDLE  ADJUST

6-1. AUXILIARY CONTROLS REQUIRED ON SUPERCHARGED FUEL INJECTED ENGINE.

(1) An idle control device is incorporated on the injector to allow adjustment of
fuel flow for greater economy at low engine speeds without affecting the basic metering
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(2) The basic component of the idle control system is a venturi, the entrance of
which 15 connected by tube B to a hole in the air intake elbow ata point above the closed
butterfly valve, The port for this tube on the idle control device is stamped "THROTTLE
HOUSING. " At conditions other than 1dle, tube A serves to transmit manifold pressure to
the capsule chamber, At idle, however, tube|A provides an exit for the venturi, This is
caused by the higher atmospheric pressure above the butterfly in the air horn that causes
the air to flow through tube B, unseat the check valve, and exit through tube A (fig 6-1),
The air flowing through the venturi causes an amplified vacuum at the venturi, Since the
low pressure area of the venturi is connected by a passage (E, fig 6-1) in the capsule
chamber, the control pressure induced at idle bleeds off the pressure from the capsule
chamber., The capsule then expands and restricts the flow of oil through the servovalve
and the skew shaft will go to a lower fuel flow position, Enrichment at idle is accomplished
by turning the 1dle screw to allow bypassing some of the airflow through the venturi, thereby
reducing venturi action,

(3) An idle adjustment screw (fig 6-1) controls the position of a bypass needle
valve. By turning the screw, the degree of lean-out can be adjusted. Turning the screw in
will lean out fuel delivery, while turning the screw out will enrich it.

(4) The atmospheric inlet to the venturi is located in the air intake elbow at such
a point that as the butterfly is opened to increase engine speed above idle, the butterfly
passes the inlet, This fully exposes the hole to supercharger inlet pressure., When this
pressure becomes less than intake manifold pressure, the idle device is rendered inactive
due to the closing of the check valve. Tube A (fig 6-1) then transmits intake manifold
pressure to the capsule chamber again,

b. Fuel metering control valve (fig 6-1). .

(1) The basic injector system operates on the principle that airflow (weight of
air entering the engine at a given time) varies directly to the speed of the engine and the
density of the entering air. The same volumetric efficiency is assumed for all engine
speeds. However, the efficiency is not constant, but decreases at high speeds and loading
conditions. The 'droop' of airflow at high speeds would cause the mixture to become
excessively rich unless some device were used to effect a corresponding '"droop" in fuel
flow; as a result, the fuel metering control valve is used (fig 6-1). In effect, it reduces
the pressure in the capsule chamber at high engine speeds and allows the capsule to
expand, thus reducing the fuel flow by closing the servovalve,

(2) As the engine speed increases to approximately 2,000 RPM the pressure
developed by the supercharger rises. This pressure enters the capsule chamber through
line A and 18 transmitted through passage D in the capsule chamber to the bottom of the
diaphragm in the metering control valve (fig 6-1). The top of the diaphragm is vented to
the low pressure side of the throttle body, Hence, when air pressure is exerted on the
bottorn of the diaphragm it will unseat the needle valve, As the valve is opened, high
pressure is bied from the capsule chamber into the low pressure line C. Lowering the
pressure in the capsule chamber allows the capsule to expand and reduces the fuel flow
output of the injector pump, Tension of the diaphragm spring determines the difference in
pressure required to unseat the needle valve. Spring tension can be adjusted by a screw
that bears on the spring.

6-2. ACCELERATION BOOSTER SYSTEM.

a. To quickly provide the additional fuel to meet rapid engine acceleration require-
ments, a booster device is provided (fig 6-2).
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Figure 6-2, Accelerator booster,
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b. Like the injectors, the booster pumps are mounted on the accessory drive housing
of the engine, with an internal oil passage in the housing providing high pressure engine
oil to the boosters. Internal passages also provide an oil drain passage and a vent. The
booster consists of a large vacuum piston 3 inches in diameter (H, {ig 6-2) and a small
accelerating oil piston 0.8 inches in diameter. Both pistons are mounted on the same shaft.
The large piston is subjected to intake manifold pressure through tube F (fig 6-2) on one
side and to atmospheric pressure on the other side through a vent. When the engine is
running at idle or at any other constant speed, the tension of the internal spring balances
the force exerted by the atmosphere and maintains the piston in equilibrium. Engine oil
pressure flows into a chamber formed by the back of the small piston and retainer and is
metered out to the oil drain passage. Engine oil pressure balances the injector servo oil
pressure. A sudden rise of manifold pressure at acceleration upsets the equilibrium and
allows the spring to extend to the full load position. The resulting movement of the large
piston moves the small piston. The movement of the small piston causes a displacement
of oil to the top of the injector servopiston through tube G (fig 6-2). The skew shaft is then
forced to the full flow position. Conversely, a reduction in maniiold pressure when engine
speed levels off permits atmospheric pressure to again move the large vacuum piston. The
resulting movement of the oil piston reduces the oil pressure on the top of the injector
servopiston and the skew shaft moves toward the zero fuel flow position, Thus, reduced
manifold pressure tends to lean the engine fuel mixture during deceleration.

6-3. APPLICATION OF CONTROLS., The fuel metering control valve and idle control
device are used in the injection system of supercharged engines only, while the accelerator
booster pump is used with all military engines incorporating Simmonds fuel injection
systems. Figure 6-1 is a diagram illustrating the injection system and auxiliary controls
as applied to the AVSI engine,

6-4. FUEL INJECTION SYSTEM ACCESSORIES.

a. Minimum oil pressure valve. Military engines equipped with Simmonds fuel
injection systems have a minimum oil pressure valve built into the engine lubrication
system. The valve is designed so that no oil is passed to the engine before the need for
oil pressure to the injector system pump has been satisfied. This insures an adequate
supply of oil to the injectors for proper operation of the servopiston under conditions where
the engine oil pressure would fall below 50 PSL.

b. Fuel system accessories.

(1) Fuel tank fuel pumps. Electric centrifugal pumps are located in each f{uel
tank. They deliver fuel at 5 PSI to the main engine pumps. A switch on the instrument
panel can be set for delivery of fuel from either tank. These pumps are used on the M88
recovery vehicle and the M48A2 medium tank,

(2) Titan fuel pump. This pump is used on all military engines employing the
Simmonds fuel injection system. The Titan fuel pump mounts on the accessory case and is
driven by engine accessory drive gears, It is a vane type, positive displacement pump and
1s capable of delivering fuel.at 20 PSI to the injector pump. A metering injector pump
allows fuel in excess to mnjector demand to be bypassed and returned to the fuel tanks or
the vapor separator in the case of the M42A1 self-propelled gun. Fuel delivered to the
injector pump is boosted to 50 to 70 PSI for delivery to injector nozzles.

(3) Fuel filter. A Purolator fuel filter, model PR 150-Z, is employed to protect
the injector system against foreign materials that may be present in the fuel.

1(5/
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(4) Vapor separator. The vapor separator is used on the M42Al self-propelled
gun to eliminate the need for fuel tank return lines. The device is constructed similar to
a carburetor float chamber. Fuel is pumped into the chamber of the separator where a
float and needle device maintain a constant level. Fuel is pumped out of the vapor
separator chamber and into the injector pump by the Titan pump, Fuel in excess of that
required bv the injector pump is metered back into the vapor chamber, A vapor line vents
the chamber to the intake of the induction system. For a complete schematic of this
system see figure 0-3.

(5) Primer pump. The primer pump is used to aid or supplement the :ue! wnjector
pump during imtial or cold weather starts. The primer pump 1s located below the main
instrument panel and 1s connected to a tee in the tank outlet line forward of the tront fuel
tank bulkhead and to the primer inlet port on the engine,.

(6) Degasser (idle cutoff). On the AOSI 895-5 and AVI 17G0-8 the degasser is ¢f
the solenoid type and 1s located on the fuel inlet line, and gas cutoif is accomplisaned perore
f{uel enters tne injector pump. It is used to shut off the engine.

Note. - Figure o-41s a diagram of the tuel injection system of the AVI 1790-» engine.

LEFT INTAKE RIGHT INTAKE
MANIFOLD MANIFOLD
] f
1 1 y
FUEL CUTOFF} 1
SOLENOID VALVE
FUEL
—= INJECTOR >
I L PUMP
.
| :
. —— ———
13 FUEL INJECTOR
RETURN UNE
TITAN
FUEL pre— _— —
PUMP
| ]
\
AC f
Tﬂ’,ﬁ; FUEL FUEL VAPOR
— FILTER == PUMP ——=* _§ SEPARATOR
VAPOR LINE-TO- Y
INTAKE SYSTEM

ure o-3, Fuel injectior system AVSI 895-5.
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SECTION VII. FUEL INJECTION SYSTEM MAINTENANCE (SIMMONDS) /%;

7-1. INSTALLATION OF INJECTOR AND TIMING PROCEDURE.

a. Preinstallation procedures.

(1) Mounting surfaces must be clean before the installation is made. The gasket
should be inspected for damage or foreign material that might affect the sealing of the
joint between the engine mounting pad and the injector.

(2) Shipping plugs are used to protect all the port openings to exclude foreign

material. These should be left in place until the unit is installed.

(3) The mounting position of the injector pump is determined by the position of the
fue! vent port, It is necessary that the fuel vent port be the highest point of the injector

pump to allow air bubbles to escape.

b. AVSIand AVI 1790 engines (fig 7-1).

Note. - Either the leftor right bank injector can be timed first. However, considerable

effort can be saved if the right bank is timed first.

(1) Remove IR rocker box cover.
(2) Remove the power takeoff cover.

(3) Remove injector pump.

(4) Turn engine in a clockwise direction until "V Eng-1R-INJ'" mark on the fly-
wheel is in line with notch on housing and IR exhaust valve is open.
(5) Place pump on workbench, turn "A' port up, and fill with oil or soivent.
(6) Rotate the fuel injector main shaft in the direction of the arrow stamped on the
distributor block while observing the oil level in "A' port.

reverse rotation until arrow on the butt end

(7) When the oil level starts to rise,
"A or D" on the bottom of the

of the splined shait alines with dot stamped between letters
distributor block.

(8) Install injector pump on the studs; slide forward until externai spline and
internal spline are aiined. If they do not aline, pull pump back about 2 inches, pull adapter

off pad 1 inch, and turn internal splines one at a time until they aline.
(9) The procedure for the ieft bank is the same as for the right bank. Be certain,
however, to use the "V ENG-1L-INJ" timing mark on the flywheel.
(10) To aline the leit bank flywheei timing mark, continue to turn the flywheel in the
normal direction of rotation for 270° from the right injector timing mark., The required
n of ihe L exhaust valve will be achieved automatically. If the left bank
s necessary to remove the IL rocker box

open conditio
injector is timed independently, however, it i
cover and proceed as directed for independent ti.ning of the right injector.
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(12) 1Install fuel return, oil return, and auxiliary control lines and make solencid
electrical connections.

7-2, ADJUSTMENTS AND TESTS.

a. Idle adjustment., When the engine is warm, set the 1dle adjustment screws for best
1dling characteristics and balance. Normally, this will be achieved by backing oif adjustment
screws one and one-half turns from the fully closed position. If the idle adjustment shows
no reaction, check for plugged lines and loose fittings.

b. Metering control valve adjustment. The metering control valve adjustment must
rot be changed since special equipment is required for recalibration,

c. Fuel vent plug. This plug must not be tampered with, It has a critical oriiice
which maintains the correct fuel pressure within the pump. The port for thisplug is stamped
"VENT" on the distributor block.

d. Titan pump. The fuel pressure at the outlet of the Titan pump should be 18 te 22
PSI at al! engine speeds above 650 RPM. If the pressure is not within these tolerances,
adjust to 20 PSI at 1,000 RPM by loosening the large hex nut and turning the siotted
screw —ciockwise to increase the pressure and counterclockwise to decrease the pressure.
Tighten adjusting nut and lock wire.

e. Injector nozzles. When the injector nozzles are functicning properly, a slignt
mouse-like squeak will be audible. If the squeak is absent, the nozzle is leaking and

should be replaced.

f. Vapor separator (found in M42A1 self-propelled, twin 40mm gun vehicle only). The
vapor separator should pass fuel to the Titan pump at the "AC" fue! pump pressure ol 3 to
5 PSI. If this does not occur, investigate the valve seat and O-ring under the cover on the
1ront o: the vapor separator housing and toliow up with "AG" ruel pump output checks.

7-3. PREVENTIVE MAINTENANCE. Considerable emphasis should be placed on xeeping
the fuel supply {ree of foreign matter. Fuel tilters should be checked daily for water or
other :oreign material. Oil filters should be checked periodically for foreign materiais.
i evidence ot toreign material 1s present, the system should be draned and flushed, Check
all lines tor tightrness and condition., Loose connections can cause erratic engine operation.

7-4. TROUBLESHOOTING PROCEDURES - GENERAL.

a. Theinjector pumps are precision mechanisms and are not subject to undue ma.-
tunctions 1f given reasonable care,

D. Troubleshooting is a svstematic isolation of detective components by mrans v :n
analysis of vehicle trouble symptoms, testing to determune the defective component, and

appiving the best remedy.

¢. Inteliigent diagnosis procedures wili result in savings in time and money. Tne
defective system shousd be checked first for incipient detects, such as loose lines and
¢Iymponents, before major failure 1s suspected. Question the vehicle driver to obtain the
maximum number of observed symptoms. The greater the number of trouble symptorrs that
can be evaluated, the easier will be the isolation of the defect.

U
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d. The iollowing charts are provided as a guide for diagnosing maliunctions of
Simmonds tuel injection systems. Do not overlook the possibility of malfunctions in related
systems and components. The chart cannot possibly cover all the possible deficiencies and

is meant as a guide only.

7-5. TYPICAL TROUBLES - DIAGNOSIS AND REMEDY.

a. Engine running rich or emitting smoke.

PROBABLE CAUSE

Restricted o1l supply or low oil pressure.
Leaking injector nozzles.

Fuel supply pressure excessively high.

Leak in maritold line.
Ice in servo oil (extreme cold weather).

Rich mixture., Metering valve closed or
diaphragm ruptured.

At idle condition - loose lines or ieak be-
tween capsule housing mounting face and
idle adiustment housing.

b. Lack of maximum power.

PROBABLE CAUSE

Leak tn air ' «duction system {(supercharged
engines).

Low iuel supply pressure,
Tarottle linkage limiting the motion oi the
trrottie butterily,

Inrectar pump not properly timed to the

engine,

+. 0Oil dilution.

PROBABLE CAUSE

Lear detwewn piunger hloct ane voly,

REMEDY

Check oil lines tur restriction; check oi!l
pressure (minimum 28 PSI).

Check cylinder head temperatures; replace
the injector nozzles of the cold cylinders.

Check vapor separator (M42Al). Readjust
fue! pump output pressure to 20 PSI at
1,000 RPM,

Check and tighten tittings on the lines.
Heat injector pu:np.

Replace metering valve assembly.

Tighten lines, check gasket, and tighten
mounting screws,

REMEDY

Check tubing and capsule housing for leaks.

Tighten all mounting screws and tittin: -,

Check fuel pump output pressure, L de-
fective, replace pumps.

Check throttle iinkage and butterily opening.
Correct adjustment.

Check the timing. Rctime if necessarvy,

REMEDY

Replace the injeclor pump.

15y




d. Poor acceleration.

PROBABLE CAUSE

Dirt in injector nozzles.

Restricted oil supply.

Leak in air induction system (supercharged
engines).

Leaky or defective accelerator booster
pump.
Lean mixture,
Sticking skew shaft.
e. Engine running lean.
PROBABLE CAUSE

Low fuel supply.

Low fuel pressure.

Incorrect injector pump calibration,
Leaking capsule.
f. Poor idling.

PROBABLE CAUSE

Clogged injector nozzles.

27

)83

Run engine at a high RPM for a few seconds
to clear injector nozzles. If thisis not ef-
fective, remove injector nozzles and clean
or replace as described for poor idling.

REMEDY

Check oil pressure at injector pump oil
inlet, Clean or replace oil passage or
lines.

Check induction tubing, fittings, and capsule
housing for ieaks. Tighten all mounting
nuts,

Check booster pump for leaks or stuck
piston, Replace pump if necessary.

Replace injector pump.

Replace injector pump.

REMEDY

Check fuel supply in tank. Fill if low.

Check fuel pressure at injector pump inlet.
This should be 10 to 20 PSiI. Adjust or
replace pump.

Replace injector unit.

Replace injector unit.

REMEDY

Run engine at full power to clear injector
nozzles.

Check cylinder head temperatures and re-
move injector nozzle from the cold
cylinder. Replace with another injector
nozzle.
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PROBABLE CAUSE

Low oil pressure

Pump not properly timed to the engine.

Lean mixture. Idle adjustment screw
opened too far, Engine pops at idle,

/5

REMEDY

Note. - In an emergency, the injector
nozzle may be cleaned by attaching 1t to a
primer pump (or other source of pressure
canable of producing 100 PSI) to clean 1t
from foreign matter. When clean, the
injector spray pattern will be a smooth
wall cone.

Note. - Do not take the injector apart or
turn the pintle in the body.

Check the lines for restrictions, Check the
oil pressure delivery to injector pump;
minimum pressure shouid be 28 PSI.

Check the timing. Retime if necessary.

Turn idle adjustment screw in until popping
is eliminated.

g. Injector pump not delivering fuel. This trouble 1s indicated by failure of the engine

to start,
PROBABLE CAUSE

Injector pump not driven in direction of
rotation indicated by the arrow.

Sheared drive shaft,

Fuel lines improperly installed for direction
or rotation,

Fuel line restricted.

No fuel pressure.
Air bubbles in fuel system.
h. Engine popping under load conditions.
PROBABLE CAUSE

Leak between capsule housing mounting face
and metering valve body.

Lean mixture. Metering valve hanging open.

58

REMEDY

Check injector pump against appropriate
technical manual., Install proper pump.

Replace pump. Return oil pump to ordnance.

Check appropriate engine manual for fuel
piping . azram. Install correctly.

Make certain that the inlet line is not re-
stricted. Be sure the fuel selector valve
is turned to the full open position for tank
in use,

Check fuel pumps. Replace if necessary,

Check fuel vent, Clean if necessary.

REMEDY

Check gasket. Tighten the mounting screws.

Replace metering valve assembly,




PROBABLE CAUSE REMEDY

Leaky injector nozzle. Remove nozzle suspected of leaking., Blow
into the nozzle. Escape of air through
nozzle valve indicates leaking, Replace
nozzle or nozzles as necessary.

Lean mixture. Replace injector pump. Old pump must be
recnlibrated.

7-6. CALIBRATION OF SIMMONDS FUEL INJECTORS USING TEST STAND 4910-817-7431.

a. General.,

(1) Fuel flow calibration. Fuel flow calibration is the measurement of the fueil
output of the fuel injector pump on an appropriate test stand. The comparison of this
measured output with the required output is established by the injector pump's fuel f{low
calibration curve. Adjustments are made on the pump during calibration so that its output
will fall within the tolerance of the fuel {low calibration curve. All injector pumps discussed
here are calibrated using the fuel injector pump test stand 4910-817-7431 (fig 7-2).
Accessories required for testing pumps and nozzles are shown in figure 7-3, Description
of the test stand is discussed in b below.

(2) Nozzle testing. Nozzle testing on the test stand includes checking the spray
pattern, crack pressure, and dribble of the various nozzles used.

(3) Metering valve calibration. Injector pumps used on supercharged engines
have a metering valve assembly which must be calibrated after repair and rebuild.
Calibration of this device consists of comparing its pressure regulating function with its
established calibration curve and is also performed on the test stand. Adjustments are
made during calibration to make its operation fall within the tolerances of the calibration
chart.

b. Description of test stand.

(1) General. The test stand is capable of pretesting, calibrating, and trouble-
shooting most gasoline, mcltifuel, and diesel fuel injector pumps. This electric powered
unit is capable of testing all of the fuel injector pumps covered here. Simulated engine
conditions are obtained from the test stand which drives the pump at engine crankshaft
speed and germits measurement of its fuel output at varying loads and rotational speeds.

. (2) Test stand main drive. The test stand main drive mechanism iz composed of
a 10 hp motor whose power requirements are 220/440 volts, 60-cycle, 3-phase AC; and a
variable speed mechanism capable of driving the fue! injector pump under test at any
desired speed, in either direction of rotation, within the range of 150 to 3, 600 RPM. Speed
of rotation is adjusted by operating the speed adjusting buttons and observing the revolutions
per minute indicated on the tachometer. The range of the tachometer is from 0 to 4, 000

RPM.
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Figure 7-2, Fuel injector pump test stand.
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(3) Manifold vacuum pressure system. Simulated engine manifold pressure or
vacuum ts supplied to the fuel injector pump undergoing calibration on the test stand,
Vacuum or pressure is supplied tc the pump depending upon the position of the vacuum
pressure reversing valve located on the upper right-hand control panel. The system 1s
adjustable to any vacuum or pressure between 5 and 50 inches of mercury (HG,., Vacuum
1s controlled by adjusting the manifold vacuum regulator knob, which 13 found on the same
panel, Manifold pressure is controlled by the manifold pressure regulator knob to the
right of the vacuum regulator. The amount of vacuum or pressure supplied to the pump
being calibrated is indicated on the manifold vacuum pressure gage located above the
regulator knobs. The scale of the manifold vacuum pressure gage is calibrated in inches
of mercury (HG) absolute and has a range of 0 to 60 inches of mercury. The gage aiso has
a manual adjustment to correct for barometric pressure at the test stand location. To
measure the simulated manifold vacuum or pressure supplied to the injector pump set the
manifo.d pressure selector valve to the corresponding position. When the manifold pressure
capsule chamber pressure selector valve is placed in the capsule pressure position, the
pressure within the chamber containing the capsule is measured, When the valve 1s placed
in the manifold pressure position, the pressure or vacuum delivered to the injector pump's
manifold pressure connection is measured.

(4) Controlled heat chamber for temperature sensing bulb, A temperature
controulled chamber which will hold the sensing bulb is located on the front panel of the
test stand to the right of the drive coupling. It is used to control the temperature of the
sensing bulb during calibration of pumps so equipped. The temperature in the chamber
may be ad)usted to any desired setting between ambience and 130°F, A temperature gage
located on the right-hand face of the test stand indicates the chamber temperature.

(5) Fuel and oil supply system.

(@) The fuel supply system consists of an internal supply pump and an
adjustable fuel pressure regulator knob located on the top left control panel. The delivery
pressure of fuel from the supply pump is adjustable between 0 and 60 PSI. This pressure
is read from the ‘uel pressure gage above the regulator. Also included in the fuel system
is an internal 9, 7-gallon fuel tank and three-stage filtering system.

(b) The servo oil supply system also has an internal supply pump and an
adjustable pressure regulator knob located alongside the fuel pressure regulator. The
delivery pressure of servo oil from the supply pump is adjustable between 0 and 100 PSI,
This p:essure is read from the oil pressure gage above the regulator k.ob., Also included
in the oil system is an internal 2-gallon oil tank and one oil filter.

(6) Air pump. The air pump is used in the vacuum pressure system. The pump
is driven by the same auxiliary motor that drives the fuel and oil supply pumps.

(7) Burettes. The test stand is equipped with 12 burettes which are used to
measure an injector pump's output in cubic centimeters. Each burétte will measure up
to 100 cc's. To cause fuel to flow into the burettes, the operator must first select the 500
count or 1,000 count position on the count selector and push the start count button while the
pump being tested ir operating at the desired RPM. The counting mechanism will auto-
matically cause fuel to flow into the burettes for the number of revolutions selected on the
count selector. When the test is complete the fuel is drained from the burettes by pushing
the dumping lever to the left of the burettes all the way in,
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(8) Injector nozzle testing system. /5 ;

(a) Since the pressures required to test gasoline nozzles are much less than
those required tor diesel nozzles, two pumps are provided with the stand, The gasoline
injector nozzle tester uses the test stand primer pump to supply the fuel pressure required
to test gas injector nozzles, The tester consists of a pressure gage that reads up to
160 PSI and a transparent chamber into which the fuel is spraved.

(b) Most diesel injection systems employ injector nozzles that open at
pressures above 2,500 PSI. A separate pump and special adapters are provided for testi.g
these nozzles,

(9) Test stand accessories, The necessary drive adapters, lines, nozzles, and
mounting brackets are provided for testing Simmonds SU, PSB o, PSB 12 BT, and APE
oBB injector pumps. Additional adapters and other required equipment can be obtained
for testing most of the fuel injector systems used in modern vehicles.

.

c. Preparation of test stand for calibration.

(1) Before calibrating each pump, make sure that the tuel and oil tanks are filled
to a safe level, Add calibrating oil to the fuel tank and SAE 30 o1l to the oil tank as required.

(2) When a new test stand is placed into operation arnd when normal calibration
maintenance inspections on the test stand are being per!-rmed, it will be necessary to check
the maniicld vacuum pressure gage to read the prevailing wet barometric pressure.

d. Installing Simmonds SU pump on test stand.

(1) Select the set of adapters that are designed for use with the Simmonds pump.
Mount the pump to the mounting bracket and place the pump on the test stand mounting rails,
making sure that the splines on the drive coupling match,

(2) Fuel injector nozzles must then be mounted on the test stand and connected to
the injector pump, using fiexible lines.

(3) One fuel inlet port on the pump must be plugged, the other one connected to the
test stand outlet marked "FUE L PRESS." The vent port in the pump is connected to the fuel

return.

(4) Cil inlet and return lines are connected to the pump mounting adapter and must
be connected properiy. Connect the outlet marked "OIL PRESS" to the fitting nearest it on
the mounting bracket and the other fitting on the mounting bracket to the "OIL RETURN."

A

(5) Connect an air line {rom the outlet on the test stand marked "MANIFOLD
INLET" to the manifoid air pressure connection on the pump metering head, Make sure that
all other holes in the head are plugged, or oil and air will escape from the pump.

(6) 1if the pump is equipped with a sensing bulb, the bulb must be placed in the
neat chamber,

e. Test stand operation with fuel injector pump installed.

(1) Heating test stand fuel, servo oil, and temperature bulb chamber.
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(a) Turn on auxiliary motor switch to start operation of fuel, servo oil, and
air pump systems. Servo oil pressure should always be at least 10 PSI higher than fuel
pressure on gage. If servo oil pr2ssure, as indicated by servo oil pressure gage, is not
10 PSI higher than fuel pressure, adjust servo oil pressure regulator knob until gage reads
10 PS! higher than tuel pressure gage.

(b) Turn on heater switches to energize heater elements in servo oil tank and
in chamber. Check chamber temperature on gage. Temperature should be 100° F. Check
servo oil temperature on gage. Temperature must be 170° to 180° F. Temperatures are
automatically controlled by internal thermostats preset by the test stand manufacturer. If
chamber and servo oil temperatures are not correct after a suitable warmup period, consalt
the test stand operator's manual for thermostat adjustment procedures.

(C) When servo oil and chamber temperatures are correct, 1ncrease Servo
o1l pressure to 60 PSI by adjusting knob and reading from gage. Adjust {uel pressure to
20 PSI, using knob and reading from gage.

Note. - Some variations in fuel and servo oil pressures will be noted during pump fuel flow
calibration procedures. Small variations are normal and compensation for them
is unnecessary.

(2) Starting test stand main drive.

(a) Shift test stand to high range and push the start button. Push fast button
and adjust the pump speed to 1,000 RPM,

(b) Select the 500-count position on the count selector switch, Pull out the
pumping lever and push the start count button. This wets the burettes and makes possible
more accurate readings. After 500 revolutions of the pump, the counter is automatically
reset and the burettes are bypassed by the fuel flow. If rno fuel flows into the burettes
aiter 30 seconds, stop the test stand and check for proper rotation.

(¢) Push fast button and adjust speed to 1, 800 RPM plus ¢r minus 50 RPM,
All calibration tests are made at this speed.

f.  Fuel flow calibration, Simmonds injector pump No 7973713.

Note. - This pump 1s being used as an example. The test procedures for all Simmonds
pumps are the same., Only the fuel output requirements change.

(1) The fuel flow calibration consists of measuring the {uel output of the pump at
certain specified absolute wet manifold pressure MAP (maximum absolute pressure)
settings and comparing this measured output with the output required by the pump's
caiibration curve, If pump output does not fall within tolerances indicated, then it must be
adjusted as calibration procedures are performed.

(2) Check for proper connections between pump and test stand. Make sure fuel,
servo oil, and bulb chamber temperatures are correctly set, Check fuel and scrvo oi.
pressures. Make sure that temperature bulb is inserted in chamber, if reguired. Make
sure gage is set tocompensate for barometric pressure conditions at test stand location,

(3) Refer to figure 7-4 for the calibration curve. Make a tracing of this curve
tor piotting points during calibration procedures. Set selector va.ve to manifold pressure
onsition. Adjust reversing valve to vacuum position,
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Note. - Measurements of fuel flow miust be made from approximately maximum MAP to
approximately minimum MAP, and then in reverse order from minimum to
maximum MAP as indicated in figure 7-4,

s
é s
3 Y
g P
b } v
g | A
3 ! LA
§ 3
! -t
& >
1,
—
p"
1
1 18 18 2 n u 2 » 2
ABSOLUTE WET MAMPOLD PRESSURE — INCHES OF MERCURY (Hg) RA PO 208308

Figure 7-4, Fuel injector pump No 7973713 fuel
flow calibration chart.

(a) Adjust the vacuum regulator so that the gage reads 29 inches of mercury
(HG) maximum absolute pressure, a near maximum figure from the curve shown above.
Pull out the dumping lever and push the start count button, When the fuel stops flowing
into the burettes, note the amount in each burette and add together.

Note, - The pump iuel output is collected automatically for 500 revolutions in burettes
which are calibrated in cubic centimeters. Since the fuel {low calibration curve
in figure 7-4 is calibrated 1n terms of cubic inches per 100 revolutions, it is
necessary to convert the sum of burette readings taken into cubic inches per 100
revolutions for plotting purposes, To convert, divide the sum reading of all
burettes by 82 and plot this point on the tracing of figure 7-4. It is necessaryto
ivllow this conversion procedure beiore plotting any point jn subsequent fuel flow
calibration procedures, j

(b) The plotted fuel flow points for 29 inches Hg MAP, taken in (2) above, must
fa:l on the 29 inches of mercury {Hg) line and within the parallel curves in figure 7-4. If
1t coes, continue with (¢} and (d) below, However, if the point 1s above the upper curve or
below the bottom curve, an adjustment of capsule position is necessary, Refer to figure
7-5 that shows curves taken when capsule needs adjusting, as indicated by dotted line
curves above or below normal curve.

Note. - Capsule position :s adjusted by turning the capsule adjustment nuts (fig 7-o) either
clockwise or counterclockwise. If{ the nuts are lock wired, break and remove
iocking wire,
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Effects of capsule adjustment on fuel flow calibration curve,
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(¢) 1f the plotted point is above the upper curve, as shown in example figure
7-5, the pump 1s supplying too much fuel and the top capsule adjustment nut (fig 7-6) must
be turned clockwise carefully, This nut bears against cross-pin (E, fig 7-6). Turning nut
(E, fig 7-6) clockwise causes the cross-pin that is inserted in the stalk of capsule assembly
(A, fig 7-6) to move the capsule assembly (A, fig 7-6) closer to the sandwich piece
assembly (F, fig 7-7) and reduce fuel output. Before turning the top adjustment nut, it is
necessary to loosen the bottom nut (D, fig 7-6) a few turns clockwise, This allows the
cross-pin to move downward freely, Turn the top adjustment nut carefully clockwise so
that a shght downward movement of the cross-pin takes place. Turn bottom nut counter-
clockwise to secure cross-pin, Rerun the fuel flow calibration at 29 inches of mercury
(Hg) as in {a) above. Plot points on curve tracing. If plotted point is not within tolerances
shown 1n figure 7-4, readjust top nut and rerun fuel flow at 29 inches of mercury (Hg) until
plotted point falls within parallel curves indicated in figure 7-4. The amount of adjustment
to the top nut 1s different in each case and only experience will enable adjustments to be
made quickly.

(d) If the plotted point is below the lower curve, as shown in example figure
7-5, the pump is not supplying enough fuel. Turn the top capsule adjustment nut slightly
{a few turns) counterclockwise, Turn bottom nut counterclockwise to move cross-pin and
capsuie assembly toward top capsule adjustment nut, Repeat adjustments until plotted point
is within tolerances shown in figure 7-4,

() When 29-inch mercury (Hg) fuel flow point is within tolerance, take fuel
flow measurements and plot points 28, 26, 25, and 24 inches of mercury (Hg). Follow
procedures given 1n (a) above. If all plotted points {all within parallel curves shown in
figure 7-4, continue calibration and take fuel flow measurements at 22, 20, 17, and 15
inches of mercury (Hg). If all points fall within curves shown in figure 7-4, the pump is
properly calibrated,

(f) However, 1f plotted points for 28 through 24 inches of mercury (Hg) do
not tall within tolerances, refer to figure 7-8, Remove pump metering head assembly
(H, fig 7-7), sandwich prece assembly (F, fig 7-7), and outer tumng spring (C, fig 7-7),
Replace outer tuning spring (C, fig 7-7), reassemble pump, and rerun steps in (a), (b),
and (e) above until all plotted points fall within tolerances shown in {igure 7-4.

(g) If points plotted in (e) above for 22 through 15 inches of mercury (Hg) do
not fail within tolerances, refer to figure 7-9. Remove pump metering head assembly
(H, fig 7-7), sandwich piece assembly (F, fig 7-7), and inner tuning spring (D, fig 7-7),
Replace inner tuning spring (D, fig 7-7), reassemble pump, and rerun steps in (a), (b), (e),
ana () above until all plotted points fall within the tolerances shown in figure 7-4.

(h) 1f pump curve cannot be brought within tolerances, refer to figure 7-8,
A distinct bend, or knee, should occur at the MAP point (A) indicated, If bend does not
occur at proper point, inner tuning spring shim changes are necessary. Remove metering
head assembly (H, fig 7-7), sandwich piece assembly (F, {ig 7-7), and shim(s) (B, fig 7-7)
from pump. Change shim(s) thickness as necessary (fig 7-10). Reassemble pump and
rerun steps in (a} through {c) above and (a) through (c) below, as necessary to bring all
plotted points within tolerances shown in figure 7-4,

(4) Afdter all adjustments have been made and all plotted points {all within the
toierances indicated in figure 7-4, the pump 1s properly calibrated and ready for removai

trom test stand, Use tollowing shutdown and removal procedures:

(a) Reduce test stand main drive speed.
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A —Pump main body, w/parts—partial H—Metering head assembly

assembly J—Capsule adjustment cover assembly
B—Inner tuning soring shim K—No. 8 lockwasher
C —Outer tuning spring L—No. 8 x 3/16-inch fillister-head screw
D<Inner tuning spring M-—Locking wire 0.032-inch dia. brass
E —Sandwich piece gasket N—Lead seal
F-~Sandwich piece assembly . P-—No. 10 washer
G—Metering head gasket Q-—No. 10 castle nut

Figure 7-7. Metering head and sandwich piece assemblies— partially exploded view.
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Figure 7-8, Effects of outer tuning spring rate on fuel flow calibration curve.
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(b) Turn off main drive switch, heater switch, and a:xiliary motor switch 1n

this sequence,

(c) When pump is cool enough to handle, disconnect all lines and remove

from test stand.
7-7. CALIBRATION OF SIMMONDS INJECTOR PUMPS USING TEST STAND 4910-817-7431.

a. Adapter and bracke:. Install 1/8-in pipe by 3/8-in flare fitlings in tapped noies
in adapter. Bolt adapter to mounting bracket, using capscrews, washers, and hex nuts
provided, with flare fittings on the bottom between the feet of the mounting bracket. Place
assembled bracket a~d adapter on mounting rails with adapter studs toward test stand
operator. Thread stud on clamp bar into hole on bottom ot bracket between mounluing
rails, Swing clamp bar across underside of mounting rails and tighten hand knob. In using
test stand for first time install a pump gasket on the adapter. Be sure gasket does not
cover servo oil holes on adapter or pump. Slide injection pump, with fuel vent up, onio
adapter studs. Rotate adapter coupling to mesh male pump spline with female adapter
spline, Use washers and hex nuts provided to hold pump to adapter. Place tooth coupling
Loosen hand knob and slide bracket toward test stand drive coupling.

on adapter ctupling.
Back off bracket one-sixteenth inch to provide 2

Aline teeth of coupling and push together.
floating coupling between test stand and adapter,

b. Hose connections.

(1) Lube oil lines. Connect hose from outlet marked "LUBE PRESSURE" to left
fitting on bottom of adapcer. Connect another hose for oil return from bottom right fitting
on adapter to manifo'd outlet marked "LUBE RETURN., "

(2) Fuel lines. Connect hose from manifold outlet stamped "FUEL PRESSURE"
to one of the purap's fuel inlet ports. Install hose from pump vent opening to manifold
outlet stampzd "FUEL RETURN." Do not remove the vent fitting {rom the pump as it
contains ar. orifice necessary to maintain internal pump pressure. Be sure cap is tight on

manifold outlet marked "PRIMER OUTLET."

(3) Manifold lines.

(a) Pumps from unsupercharged engines - connect hose from front panel
outlet marked "MANIFOLD INLET' to manifold inlet on fuel pump.

(b) Pumps from superchirged engines:

1. Connect hose from front panel outlet marked “MANIFOLD INLET" to
port marked "INT MANIFOLD" on idle control device.

2. Plug port marked "THROTTLE HOUSING" on idle control device.

3. Connect hose from panel outlet marked "SUPERCHARGER INLET"

to port marked "MET PR" (metering pressure) on capsule housing.

4. Plug port marked "ACCEL PUMF" on capsule housing.

Iy,
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(4) Nozzles and lines. Install nozzle adapters in accumulators. Push nozzles
through nozzle adapters and tighten, using 1-3/8-in wrenches provided with test stand.
Connect nozzles to fabric-covered connecting hoses, Outlet ports on pump are marked
"A, B, C," etc. Connect hose trom nozzle fartherest from test stand drive shaft to port A,
Connect next nozzle to port B, etc, wo-king from left to right.

c. Temperature sensing bulb. Push temperature sensing bulb, 1f pump 1s so equipped,
into sensing bulb chamb-r.

d. Heating test stand. Turn on auxiliary motor switch to start tuel, lube oil, and air
pumps. Oil pressure should always be at least 10 PSI higher than {uel pressure, 1f not,
immediately increase servo oil pressure with servo oil regulator. Turn on lube oil heater
switch to energize lube oil heaters. Be sure bulb temperature 1s 100° F and lube o1l temper-
ature 15 165° F, or at temperature stated in pump manufacturer's manual, before beginning
tests, Injection pump will be hot to the touch when at operating temperatures. When bulb
chamber and lube o1l reach desired temperatures, increase lube o1l pressure to 60 PSI,
unless otherwise stated 1in pump caitbration curve, with the lube o1l reguiator, Set fuel
pressure at 20 PSI with fuel pressure regulator. Some variation of 'ibe oil and fuel
pressure will be noted as pump calibration 1s checked; this is normal and need not be com-

pensated.

e. Metering valve calibration procedure. This test 1s performed only on injection
pumps irom supercharged engines. Metering valve 1s checked for proper operation by
measuring the pressure differential in the bellows chamber while increasing maniiold

pressure.

{. Injection pump at operating temperatures and pressures.
Ncte. - Pump is not runring when making this test.
(1) Set vacuum pressure seiector valve to "PRESSURE."
(2) Set man:ifold .ressure capsule pressure valve to "MAN PRESS."

() Refer to metering valve calibration curve (fig 7-11) for pump mode! under test.
Vertica. rigures at loft side of grapn represent manifold pressure drop, Figures at bottom
ot graph are the mani:old pressure (test gage) values at which test will be conducted.
Figures at bottom ot graph are inches Hg above atmospheric pressure; test stand maniiold
pressure gage reads in inches Hg absolute pressure; therefore, tor example, b inches Hg
on caiiprating curve equals 39 1n Hg on gage, 7 on curve equals 38 on gage, etc.

(4) Use manifold pressure regulator to set manifold pressure gage to 39 in Hg.
In setting manifola pressure gage with either the manifold vacuum or manifold pressure
regulators, use care no to overshoot required setting. For greatest accuracy, 1l 1s
desirable to take up any play in gage by moving pointer steadily in one direction - either up

or down the scaie - througn a calibration test.

5) Turn maniiold pressure capsule pressure valve to '"capsule pressure.” Manifold
I P
oressure gage reading should remain at 38 1n Hg.

{6) Return manifoid pressure capsule valve to ''maniiold pressure."

(7) Tse ma-ioid pressure regulator to set manitolcd pressure gage to 40 in Hg.
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Figure 7-11, Calibration chart for metering valve assembly
used on fuel injectcr pump 794093,

(8) Tarn manifold pressure capsule pressure valve to "capsule pressure, '’ Manifeld
prsssure gage reading will tall slightly to indicate manifold pressure drop. (For examgle:
39 -in Hg gage reading minus 1/4-in Hg manilola pressure drop eguals 38-1/4-1n gage
reading.)

{9) Repeat steps (o) and (8) above, changing manitoid pressure gage sctlings as
g.ven on sottem of figure 7-11, Two readings should be taken at each test point on the
netering va.ve calibration curve, Begin {irst test run at 39 1n Hg *nd rrogjress in sequence
¢ 42-in Hg manifoid pressure. Repeatl test, starting at 42 :n Hg, »né «crk duwn in segquence
+ 39-1n Hg maniiold pressure. This is general procedure tor mzkiny 2 mel ring valve
taecs. Jeter to the metering vaive calibration curve tor the pump under test for specific

3

o

wL.ves Lo Se ased tor that pump.,

Adjustment ot tuel metering device.

a%

{1) Remove .ock-wire and adjusting screw cover,

(2} Hold adrusting screw «1th screwdriver ana (woscn tucinut,

\
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3) Turn adjusting screw clockwise tu DECREASE pressure drop; counterciock- / /

a1ze v INCREASE ovressure drao.

{4} Turn ad¢justing zcrew until proper curve i1s achieved.

{5) Hold adrusting screw with screwdriver and tighten lecknutl,

(6) Replace screw cover and lock-wire,

Turn shuting crank to rICH position 1nd turn un il arwve

h. Starting ma:n drive.
Do nut 1ncreasc lest stana

swilcn anen temperastures and pressures are at corredt ievels,
>et count selector switch to 300 and operate count pushbuttoa to iill delivery lires

speea,
When count 1s tomplet.,

anc¢ wel :nner surfaces of ourettes {Or grealer accurdady n reading.
oush aumping lever 1n lock 1n erain position unti}l calibration runs, If no fue!l ilows .ntn
puretles, cneck for proper rotation of test stand drive coupiing. Use fast pushbution to
increase test stand speed to 1, 800 RPM for ail calibration runs, un.ess otherwise noic. .n

sump manutacturer's manual,

1. Fuel delivery test procedure. Fuel delivery is checken oy measuring tuvel flo
whiie tncreasing manitoid pressure from mimmum to maximur.. then reversing procedure
and meisuring ilow while decreasing manifold pressure. It 1s oplional whether test s begin
a4l minimum or maximur manifoid pressure. A short table o luel tlows for various
Simmeonas application 1s shown in tables 7-1 and 7-2.

(i) Fuei and lube o1l pressures and temperatures tor (ne puinp are ihe $ame as
i0r metering valve calibration. Test stand speed 15 1,800 RPM, unless otherwise not=~ in

manutaclurer's manual,

2) Set manuold pressure capsule pressure valve to "MAYN PRESS" for ¢nure
p
test run,

(3) Turn vacuum pressure selector valve to "VACUUM,

{4) Refer to :uei flow calibration table for pump mode!l under test and use vacuum
regu.ztor valve to set manitold pressure gage to lowest value on taole.

) 4 s

(5) Witk dumping lever in FILL position, push count button to collect uel.

§) When r~ount 15> comp.ele, record inéividual Lurctie sevels aind their sum.
o] ,

steps (1), 133, ana 6} above at suitadie increases of manitold pressare
.eit o1 tuel calibration table. Where manttold pressure 1s Ligner

turn vacuum pressure selector va.ve to 'PRESSURE™ and use

{7) Repea
¢ hizbest tidu
tnan almospnes:
pressure regulator walve (o sel manitoia pressure gage.

(8) When cignest MAP on tuel curve 15 reacnea, repeal steps (1), {3}, and )
SCREASZS in MAP down to the minimum shown on luel table, Where

avove 1 suitabis DECRE
“MAF :...s below 3tmospneric pressure, tura vacuum pressure selector vaive to 'VACTUUM

N2z P4

ane ase vacuum reguiator valve to sel manituid pressure gage.

0w

(6) At end ot second test run, compare average tuel data collected with fuel
Nils.

lab.e ang detern.ane whether or not pump lested iaiis within acceptable iz

<1.1T2r-1 o0

3
[e 1}
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Table 7-1. Fuel Flow Limits - Cubic Centimeters
500 Pump Revclutions.

AQI-402-5
MAP 60°F, 70°F, 80°F. 90°F. 1009F. 1100F, 1200F, 1309F. 140°F,
14 64-68 63-67 63-67 62-66 62-66 €1-65 61-65 61-64 60-64
17 77-81 76-80 76-80 75-80 74-79 74-78 73-78 73-77 72-17
20 88-94 87-93 87-93 87-92 86-92 86-91 85-91 85-90 85-90
24 117-124 | 116-123 | 114-122}113-121 | 111-118 { 110-117}| 108-116 | 107-114 | 106~113
26 139-148 | 137-146 | 136-145{135-144 | 133-141 | 132140 131-139 | 130-~138 | 128-136
28 161-171| 160-170 | 159-168[157-167 | 156-165 | 154=163 | 153-162 | 152-162 | 151-161

AQI-1195-5
14 179-190) 178-189 | 176-187 173-184 | 172-183 | 170-180| 167~178 | 166-177 | 164-174
18 226-240 ] 225-239 | 223-237}221-235 | 220-233 | 217-231 ] 215-228 | 214-227 | 211~-224
22 274=291 ) 273-290 | 271-287|268-285 | 267-284 | 264-281 | 263-279 | 261-278 | 259-275
26 359-381 | 356-378 | 351-371| 344-365 | 341-362 | 335-356 | 330-350 | 327-347 | 321-341
28 415-441] 414-440 ) 406-432|402-426 | 399-423 | 394-418 | 388-412 | 386-410 | 379-403
30 473-503 | 471501 | 466-494| 460-488 | 457-485 | 452-480 | 445-473 | 443-471 | 437-465

AQl-268-1
14 93-99 91-97 90-96 89-~95 38-94 87-93 86-92 85-91 84-90
18 123131} 122-129 | 121-128;120-127 | 119-126 | 118-125] 117-124 | 115-123 | 114-~122
22 154164 ] 152-162 | 152-161]151-160 | 150=-159 | 149-158 | 148-157 | 146-155 | 145-154
26 201-213 | 197-210 | 196-208] 194-206 | 191203 | 190-202 | 188-200 | 187-199 | 186-197
28 233247 | 229-243 | 227-241]226-240 | 223-237 | 2212235 | 220-233 | 216-230 | 215-228
30 264280 | 262-278 | 260-276]258-274 | 255-271 | 253269 | 251-267 | 249-264 | 247-263

' J {
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Table 7-2. Fuel Flow Limits - Cubic Centimeters
500 Pump Revclutions,

AVSI-1790-6
MAF | 60°F. 70°F. | 80°F. {90°F. | 100°F. | 110°F. | 120°F. | 130°F. | 140°F.
14 143-152 | 141-150]{139-148{135-145[133-142 | 131-139 | 127-136 | 125-134 4 12313}
18 194-206 | 191-202]189-201]186-198|184-195 | 182-193 | 177-188 | 174-185 | 172-183
24 269-384 | 267-382] 264-278[262-277]259-274 | ¢57-272 | 253-268 | 250-266 | 248-362
32 440-468 | 432-459] 426-452]418-443{412-435 | 404-429 | 398-418 | 389-411 | 382-404
36 579-615 | 574-607]565-598]557-590|550-584 | 544-577 | 533-565 | 528-558 | 517-551
40 717-763 | 711-754]702-747/697-740/690-733 | 683-725 | 673-713 | 665-706 | 657-699

AVI-1790-8
14 T13-122 | 112-121]110-119]107-116] 106-115 | 104-113 | 103-111| 102-110 | 99-107
18 157-170 | 156-169] 154-166{152-164] 151-162 | 149-160 | 147-158 | 145-156 | 143-154
22 203-217 | 202-216] 199-213[197-211{196-210 | 194-208 | 192-205 | 191-204 | 188-202
26 269-289 | 268-285]262-280]257-275[254-271 | 250-266 | 244-261 | 241-258 | 236-252
28 522-344 | 319-341] 315-336]309-330| 306-327 | 301-321 | 295-316 | 292-313 | 288-308
30 374-398 | 372-396| 366-391|360-387| 358-382 | 354-377 | 348-371 | 345-369 | 340-364

AOSI-895-5
14 122-140 | 127-138] 123-134]121-132] 118-120 | 115-125 | 113-123 | 110-119 | 107-117
18 133-196 | 180-193] 178-189]175-186]172-183 | 168-181 | 160-177 | 164-174 | 16i-172
24 263-279 | 259-2771 255-274252-270] 251-267 | 247-264 | 240-262 | 242-259 | 240-256
32 451481 | 446-476] 439-466|434-460} 427-454 | 422-447 | $10-442 | 410-435 | 404-430
36 564-602 | 561-596|553-588|548-582]542-576 | 536-570 | 530-565 | 524-557 | 518-550
40 675-725 | 673-718 606-71¢|660-704[655-697 | 550-090 | 044-685 | 639-679 | 634-£74

77
) 4 Isy

ERIC




j. Procedure for shutting down test stand, When testing 15 completed, use slus push-
nutton to reduce speed to lnwest point. Turn off main drive switch, heater switch, an.
auxt.aary motor switch, in that order. When pump 15 cool enough to handle, disconnect tuey,
.ube v1i, vacuum, and noz:zie hines. Plug all openings to prevent dirt entering pumo anc

remove pump {rom adapter.
k. Procedure for nozzle testing. Instal! nozzle checking device.
1. Checking nozzle cracking pressure.
(1) Operate hand pump to purge line of eatrapped air.
(2) When nozzle delivers fuel, insert through rubber stopper into spray chamber.
(3) Turn knob on pressure gage and reset lazy hand against gage pointer.
(4) Operate hand pump using slow, steady strokes. Stop pumping at first drop
cf pressure indicated on gaue.
(3) Read cracking pressure shown by lazy hand, Nozzles 570010 and 570023 have
a cracking pressure betwe«n 50 and 70 PSI,
m. Spray pattern.

(1) Operate hand pump with short, rapic strokes and maintain a pressure 10 to
15 PS] above cracking pressure.

(2) Cbserve nozzle spray pattern, Spray cone should be {inely atomized and torm

a full cone ot approximately 90°,

n. Nozzle dribble.

(1) Operate hand pump with slow, steady strokes to rnaintain a pressure of 30 ©Ssi.

(2) Nozzle in serviceable condition should not leak more than one drop per minute.
ZLeak. e 1n excess of this amount indicates dirt under pintle seat or erosion o: pintle or

.t nozzle dribbles, purge nozzle with fuel by making several rapid strokes with hand

ood: .,
After purging with fuel, recheck nozzle fur

sump. This will dislodge dirt under seat.

dribb.e.

oty
«
-
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SECTION VIIl. FUEL SYSTEM, AVDS 1790-2 ENGINE, M60 VEHICLE

8-1. GENERAL. The intaxe maniold heater system incorporates two heater bouies, two
TCN i1gnitien coils, two solenoid valves, a 90.FSI relief valve, and the associated piumbing
«nd electrical wiring. As shown in figure 8-1, operation of the vehicle hand purge pump
must tirst produce a mimirmum of 90 PSI on the outlet of the pump and the inlet to the tuel
supplv solenoid vaive. When the valve is opened by operation of the electrical switch on
the hard pump, the :ueiis pumped through the primer filter to the two sphit {low nozzles
mounted 1 the heater bodies. The return fuel from the nozzles passes through the return
so.enotd to the top of the :uei tank in the vebicle. Operation ot tne heater controi switch on
the hand pump opens both solenoid valves and actuates hoth 12unition urits simuitanecusly.
Any excess fuel pumped by the operalor passes through the 90-FSI relief valve and purges
air pockets (rom the main tuel system, wh:le maintaining 90-FSI tuel pressure to ine heater
svstern and boosting the pressure to the injection pump. When the hand pump 15 operated
with the heater system not operating, all cutput {rom the hand pumn passes through the
QG~ES] reliet va.ve and purges vapor from the main fuel system in the normal manrer. In
either case, the hand pump provi'es a boost pressure to the injection pump.

8-2. FUEL SYSTEM - BASIC DESCRIPTION.

a. Basic parts. The fuel system is composed of two interconnected fuel tanks with an

eeciric tuei pump mounted in each tank, a check valve and tee, a fuel suppiy on-oif valve,
4 nrumary tlter, a vane-t,pe fuel transier pump, lwo secondary tuel tilters, a seconcary

[SR IR

iue: 1 _ector oooster pump. twelve fuel njector nozzles, a purge pump located 1n the
Griver s compartment, & mantiold {lame heafer for cold -weather starting, 2 crew compart-
ment neater, and a heater electric fuel pump. For emergency fuel tank isolation, there is

h butterily .solation valve located in the {uel tank interconnector hose and a three-
A fuel

a J-nd
port return selector and i1soiation valve located in the main engine fuel return line.
transter pump, fuel tank condensale removal system, and four fuel lines for ofi-vehicle
engine vperations are proviced in the vehicle OVE,

b. Component data for fuel tanks.
(1) Total capacity - 385 gallons.
(2) Lett tank - 189 gallons.
(3) Right tark - 19n gallons,

{4) Construction - riveted and welced a.uminum plate and extrusions.

¢. Electric fuel pump description. The pump :s manufactured by the Tokheim
Courperation anc 1s the impeller type, The unut is an electrically driven centrifugal pump
which 15 submergec 1n the tuel tank, The motor requires 24 VDC (negative grounc) with
an amperage draw ranging dsetween 0.8 amperes and l.1 amperes. The electric mator,
which 1s hermeticaily sealed in a stainless steel housing, rotates an 8-pole disk magnet,
thereb transmitiing force through the stainless steel bulkhead. This force rotaies a
magnet on the impeiler sna:t, and the impeller "pushes'' the fuel forward to the trans.er
oanp at constant pressure, constant flow. The motor shatt and :mpeller shait bearings ar-
carben ‘or longer lite and require no iubrication, Lift expectancy of the entire unit 1s
2,.00 nours when operating in a temperature range of -03% 1o -103° F,
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(1)

)

(3)

(6)
(7)

d. Data for system components. /77 |

Intertank 1solation valve.

(@) Type - 3-in butterfly.

{b) Rated flow - 50 GPi4.

(c) Pressure: operating - 4.5 PSIL.
Fuel return selector valve.

(a) Type - ball rotor.

(b) Rated flow - 3.7 GPM, 220 GPH.
(c) Pressure: operating - 30 PSIL.

Fuel tank electrical fuel pumps.

(2) Type - impellec (1adirect drive, dry moter, hermencally sealed,
magnefic coupling).

(b) Rated capacity - 220 GFH at 3,75 PSI (M60A1).
Check valve.

{a) Type - double swing-check.

(b) Operating pressure - 50 Psl

(¢) Opening pressure - 0.2 PSI max.

Fuel shutoff valve.

{a) Type - balt rotor.

(o) Rated flow - 3.7 GPM, 220 GPH.

(¢) Pressure: operating (maximum)- 30 PSk.
Primary fuei filter (cleanable element).

Secondary fuel fiiter (disposable element).

Purge pump.

(a} Twvpe - double acting manual.

f)  Pressure aeveloped - over 200 PSI (whea pumping fuet).

f¢) Vacuumn aeveiopea - 1T wn mercury mun {whea pumping aic).




(a) Manufacturer” and model - Scintilla Div, Benaix Aviition Corp, part No
10-32405%; or Champion Spark Flug Cu, pur!
Neo ED-89D with Ao7o gasket,

(b) Gap setting - 9.094-0, 114,

8-3. OPERATION OF THE INJECTION SYSTEM.

(9) Manifold heater spark plug. )
a. The pump consists of two individual c-c+linder, single-plunger, distribeler-iype
ingjector pumps integrated into a single 12-cylinder unit by means ot a tundem arranement,
“With this arrangement, the distributor head of each individual pump scrves one particular
bank ot the eangine. The pump is ariven at engine speed and 15 (ocated tn the engine vee, |
A hiydraulic advance unit ;s incorporated in the accessory drive housing of the engine to ‘
wstomatically provide a gradual 119 advance o: injection timing over the s,ced rande, |
|
b. All u: the fuel injection lines are the same length and are made of U,230-inch CC, |
2. %1-1nch 1D, sott annealed tubing. Hole-type nozzln ire used with eirght oriiices or =ven
tue! distribution in the open-typescombustion chambers,
F’
C. Elerctrie tuel pumps, one in cach tuel tank, provice gsuel at constant low pressdre
to an engine-driven fuel supply putnp which supplies iuel under higher pressure to the
injection pump. ine pump then delivers accurately metercd quantities o! fuel under high
sressure to the sprav nozzles, through which the tuel 1> tnected intu engiue (yiincers, al

4 delntle Wivang 10 relation to the engine liring cycle anc w.tinn the requirec injection
period.
ar o

Note, - Tre descr:plion of op¥ration given below 15 concernve with the PSB-type pump in
genera.. The PSB 'P2BT-110 GH-4900Al 1njection pump used on the AVDS 1790-2 |
er gxm 1s a larg®@r véfsion, Operating principies ance lanctioning within the |
iy aul:x heads re the samie. The drive tor piunger reciprocation ana rotation |
tor distribution are vssentia.ly the samie, excesnt the FSB 12BT has two thr. c-lobe
camns and two quill shafts ang the FSB oA has une guil shaft and one three-looe

Cam. g

|

|

Individua. neads insure uniiormitly o: fuel delivery, When two are used, they must be |
ba‘anccd tor same :low. This is done by means of an ac)ustable linkage connecting ine two |
niro. un.t levers. -The cast alumunum housing, which supports the camshait anc quill |
hatt crive, 15 recessed to accept the two hydraulic heads and is 1ls0 tlangea 10r ounting i
e goverac:, Itnas « vertical plane on the rear tor mounting te the endine.  The c.vernor |
- |

7 \

|

|

\

|

|

|

|

(13
ul
L

-
=

sechanical-centriugal, variable speed, internal surinug by

t. Ti‘:s mode!l incorporates a tuel-limuting device w': tch momentarniiy crevents

sxcessive ..ol delivery at intermediate settings. A iriction (latehis incurperate W the
e

m ahich 15 usec for protection .n guicy 3c~t.cmu vns.

Note. - For :dvance unil mechanism, see ligure ¥-J5,
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A - Plunger sleeve

B - Fuel passage closure plug
C - Plunger bore screw

D - Fuel delivery valve

E - Hydraulic head

- : .’:"‘ .4‘- .
“' I
< - KXy - .
w o C = @
N e "v" » . -
o . 3 ., - B s

F

G
H

Delivery valve cap screw assy
(pump - 10882645)

Fue!l plunger

Hydraulic head spacer

J - Drive gear thrust washer

K - Plunger guide

1, - Plunger spring upper seat

M - Plunger return spring

N - Plunger lock

P - Plunger spring lower seat

Q - Plunger button

R - Tappet roller pin

S . Camshaft ball bearing

T - Tappet guide assy

G - Roller assy

V - Camshaft

W - Camshaft center bearing
(pump - 10882645)

Figure 8-2.
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X - Camshaft sleeve bearing
Y - Spring disk
Z - Friction drive spider

AA - Governor weight assy

BB - Sleeve assy

CC - Governpr inner spring

DD - Governor outer spring

EE - Fulcrum lever assy

FF - Smoke limit cam

GG - Adjustable stop plate (pump ~ 10882645)

HH - Torque control stop plate (pump -
16882645)

JJ - Stop plate bridge

KK - Tappet assy

LI - Tappet spring

MM . Plunger drive spur gear

NN - Drive gear retainer

PP - Stop plate (pump - 10912447)

QQ - Droop adjustment screw (pumg -
10912447)

RR - Delivery valve cap screw (plug type)
(modified pump - 10882645 nnd pump -
10912447)

Fuel injection metering pump assembly - sectional view.

Z!)gj
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/0

a. Pumping. Fuel enters the pump from the supply system through the inlet connec-
tion and fills, through two intake ports in the upper bore, that portion of the barrel cavity
between the top of the plunger and the front of the delivery valve when the plunger 1s at the
bottom of its stroke. As the rotating plunger moves upward in 1ts stroke under cam action
it soon passes and closes the intake ports, trapping and pressurizinyg the fuel and opening
the spring-loaded delivery valve. As the plunger continues its upward stroke, the fuel that
1s forced through the delivery valve is conveyed through the communicating ducts to the
annulus in the plunger, through the vertical distributing slot on the plunger and to that out-
let duct with which the distributing slot is then registering as the plunger rotates. After
sufficient upward movement of the plunger, the spill port passes the edge of the control
sleeve and the fuel under pressure escapes down the vertical hole in the center of the
plunger and into the sump surrounding the control sleeve, which is at supply pressure.
With collapse of the pressure in front, the delivery valve then closes, curing which action
the piston portion of the valve blocks the passage before the valve reaches its seat and thus
performs its function of reducing the residual pressure in the discharge system. This1s
the end of the pumping cycle.

DRIVE GEAR

L3

INJECTION PUMP
DRIVEN GEAR

MAX. ADV, ENGINE AT 2400

INJECTION FUMF
DRIVE GEAR

SLEZVE

VALVE > ¢
{
0] presst INJECTION FUME .
PRESSURE DRIVEN GEAR
O orAlN

FULL RETARD ZNGINT AT IDLE

Fioure 3-3, Hvdraulic advance unite—principles of operation AVD2S 177 .0 enline,
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b. Metering and control. Quantity of fuel delivered per stroke is governed by /g/
variation ot the position of the control sleeve in relation to the fixed port closing position
(the pont at which the top of the plunger covers the intake ports); as the spili port on the
plunger breaks over the top edge of the control sleeve, pumping pressure is relicved down
through the center hole of the plunger, out into the sump surrounding the control sleeve,
and tuel delivery terminates despite the continued upward movement of the plunger.

(1) 1If the control sleeve position is raised, the spill port on the plunger remains
covered by the sleeve unul relatively late in the plunger stroke; hence, the effective stroke
of the plunger is longer and more fuel is delivered. 1f the control sleeve position is
lowered, the spili port on the plunger is uncovered by the sleeve relatively sooner in the
plunger stroke; hence, the eifective stroke of the plunger is shorter and less fuel is

delivered.

(2) When the control sleeve is lowered to its extreme point, the spill port on the
plunger 1s uncovered by the top edge of the sleeve beiore the upper end of the plunger can
cover the intake ports. Under this condition no pressure can be built up even after the
ports are closed; hence, no fuel can be delivered, This is the shutoif position,

(3) 1t will be seen that upward movemaent of the control sleeve increases the
quantity of fuel pumped per stroke and downward movement decreases the quantity of fuel
pumped per stroke until the point of zero delivery is reached.

Note. - Figures 8-4 through 8-7 show the phases of pumping and metering.

¢. Delivery valve., The delivery valve assembly, situated directly above the pumping
chamber, assists the metering function by preventing irregular loss of fuel irom the
delivery side of the system to the supply side between pumping strokes., It consists of the
valve proper, on which is a retraction piston; a tapered seat; the valve body, which receives
the valve and has a corresponding tapered seat; and the valve spring, Afiter the plunger on
its upward stroke closes the jntake ports, pressure is created, When this pressure over-
comes the force ot the spring holding the delivery valve on its tapered seat, the valve opens
and fuel! under pumping pressure flows through it and the distributing passages into the
mnjection tubing, When the plunger continues its upward stroke and opens the spill port
there 15 a sudden drop in fuel pressure in front of the delivery valve; the force ot valve
spring, combined with the high differential in pressure, acts to return the valve t¢ its seat,
As the valve starts into its bore the lower edge of its retractioa piston enters the valve
bore and blocks the passage. Further movement of the valve with its retraction piston
increases the volume on the high pressure by the retraction pistor. movement {its displace-
ment volume) and consequently reduces the residual pressure in the line, This lowered
line pressure promotes rapid closing of the injection nozzle valve and diminishes the etiects
ot the nvdrauiic pressure waves that exist in the tubing between injections, minimizing the
possibility of nozzle valve reopening prior to the next regular delivery cycle.

d. Internal spring type governor. The variable speed, mechanical-centrifugal
governor s attached to the pump and driven through it, The governor shait has two forged
flyweights attached to 1t through tulcrum pins in a spider. As speed s increased, the tly-
welghts move away from the shait, Fingers on the flyweights act against a thrust bear:ing
on the sleeve to move the sleeve against the governor springs, The sleeve is connected to
the fulcrum lever through pivot pins in the lever sliding in grooves in the sleeve, so .hat
as the sieeve moves the lever moves. The lever is, in turn, connected through a linkage
to the control sleeve in the hydraulic head to move the control sleeve correspondingly. As
noted acove, the position of the control sleeve determines the guantity of fuel delivered.
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PUMPING AND METERING—PHASE |

PUMP, INJECTION, TYPE PSB 1287
AYDS-1789-2 ENGINE

DISIRIBYTING
stol

ISR PRESSURE \ L‘
futt 10 NOZILE
N\
e m [__ Tty out
! 'L MUTERY TALIE '
P! Pel]
il
LONIRDL |
SUEYE 1l oo vl
[y b
1]
SPILL Heun
PORT _b.. o Fecoatme Sive
——-4
l I — LU -]

(INRRRRRIHIAREE

PLUNSER /

orIvE GEar WL T

/

A
] E 7 o

cAN Lon ——AUL

INTAKE

Figure 8-4., Pumping and metering—-phase I,
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PUMPING AND METERING—PHASE 11 /yz

PUMP, INJECTION, TYPE PSB 1287
AYDS-1790-2 ENGINE

RSINYIING
st
\\ [
o8 PRESSUM
FUEL T8 Wit
\\ X
Fult 18 \ | fult our
/
\ A

OELIVERY TALYE
ASSY

“.[I[T \
Sty
. CONTABE UNIE
\b. !
seiL __—+—17 1 1 (CCENTAIC STUD
PORT E
..

_‘] F\ KR

numie /
1 4T ( QUILE SXAFT

iy —
woRM $0i2
A A

Cw 108t -—’3(7('

BEGINNING OF DELIVERY

Figure 8-5, Pumping and metering—phase II.
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PUMPING AND METERING—PHASE Il
PUMP. INJECTION, TYPE PSB 1281
AYDS-1730-2 ENGINE
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Figure 8«6, Pumping and metering—phase LI,

88

‘ 19 {




PUMPING AND METERING—PHASE 1V /{
PUMP, INJECTION, TYPE PSB 1287

AYDS-1790-2 ENGINE
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(1) The fulcrum lever is pivoted not only at the sliding sleeve but also at its
lower end to a yoke connected to the operating lever, The operating lever is intended to be
actuated by a rod from the driver's seat or control panel, Through its connection with the
fulcrum lever and its linkages to the pump control sleeve, the operating lever's position
influences fuel delivery and engine speed.

{2) With the operating lever in a stationary position, the lower pivot of the fulcrum
lever becomes fixed. If the engine load is increased the speed will momentarily decrease.
The flyweights will lack the centrifugal force necessary to balance the spring forces on the
sliding sleeve, which then shifts and moves the fulcrum lever and the control sleceve
toward increased fuel delivery; the engine thereupon returns to its original speed. If 1t
tends to exceed it, caused by a sudden diminishing of the load, the flyweights move farther
out, their fingers shift the sliding sleeve against the opposing spring forces, the shding
sleeve moves the fulcrum lever and control sleeve to decreased fuel delivery, and the
engine speed is reduced,

(3) The operating lever is connected to the fulcrum lever by a torsion spring
bearing at one end against a tang on the operating lever and at thre other end against a tang
on the yoke at the bottom of the fulcrum lever., This torsion spring loads both tangs toward
each other so that normally the operating lever and fulcrum lever act as though rigidly
attached, However, when the engine speed differs, as a result of load changes, from that
which is normal for the operating lever position, the tangs part momentarily untii the
governor picks up the change, This function serves to protect the governor and pump parts
from unnecessarily high loads and stresses,

(4) The sliding sleeve is loaded against the forces of the flyweights by two
governor springs, These springs are of such rate that the action of the flyweights at any
given speed within the normal range is balanced by the spring forces after the sleeve has
shifted, Therefore, at any given engine speed there is a corresponding definite sleeve
position, As a result of this inherent governor stability, speed regulations of 3-1/2 to 5
percent and 7 to 13 percent are obtainable, depending upon the spring combination used and
upon the position of the sleeve pivot pin in the fulcrum lever, which 1s adjustable,

(5) The fulcrum lever has a smoke limit cam attached to its upper end which limits
the maximum fuel delivery, despite operating lever position, by contacting an adjustabie
stop plate, thus avoiding overloading the engine, In tractor applications, especiaily where
low speed loads and increased torque are required, the torque. control plate and smoke limat
cam are adjusted to give a torque buildup at declining speeds, As engine load increases
beyond the nominal stop setting, the speed decreases and the weights consequently move
inward toward the shaft, moving the sleeve, This added load separates the tangs of the
yoke and the operating lever and moves the yoke rearward and upward; the fulcrum lever,
pivoted at the yoke, moves up with it. The fulcrum lever then pivots about the nose of the
smoke cam against the stop plate. Since the control rod to the pump control sleeve 1s
attached below this new pivot point, its action is opposite from usual and results in more
fuel delivery and consequently more torque buildup,

(6) The face of the torque control plate inclines toward the pump at an angle so
that as the cam nose rides up on it, the torque increases, The cam nose is adjustable and
the higher it is set on the fulcrum lever, the further upward and inward it rides on the
torque control plate, thus giving an adjustment of the torque buildup., Further adjustment
can be made by changing the angle of the torque control plate, and a large increase can be
had by using a profiled plate, with two surfaces in different planes, tor this {unction,
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e. Pump data.

{1) Type - PSB 12BT-110 GH-4900A1,
(2) Explanation of type designation.
(a) PS - singie plunger.

(b) B - type; also indicates that there is a bmm total plunger stroke and
that the plunger diameter is in the 10 to 15mm range.

(¢) T - refers to tandem placement of the hydraulic heads,
(d) 110 - the plunger is 110-tenths of a millimeter or llmm.
(e) GH - refers to the type of governor used,

(f) 4900A - refers to customer specification data.

(g) 1 - refers to specification code number for speed range, governor springs,
regulation, and fuel quantity.

8-5. TESTING PSB i12BT FUEL INJECTION PUMPS.

a. Sequence of testing. Testing the PSB 12BT pumps follow s this general sequence:
(1} Fuel leakage test.
(2) Delivery valve test.
(3) Bleeder valve test.
(4) Injection pump timing.
(5) Adjusting fuel delivery of No I hydraulic head.
(6) Balancing fuel delivery from No 2 hydraulic head.
(7) Adjusting high speed and fuel shutotf.

Note. - The first two tests in the above sequence are performed with nozzle tester
4910-255-864, The remaining tests are performed on the fuel injection pump test
stand 4910-817-7431,

b. Fuel leakage test. During rebuild of the PSB 12BT pump, all packings are replaced.
To insure that there is no fuel leakage, the following test is performed.

(1) Remove the fuel housings and stems and the pump nousing cover trom irjection
sump. PFlug the fuei outlet from No 1 hydraulic head, using i/+4-in pipe plug. Screw the
connector stud, stamped N-31, into the hydraulic head inlet, Assemble flexible connector
\-2 to tne nozzle tester and the connector stud N-31, using connector nut N-4. Positien
the tuel piunger drive gear ot No 1 hydraulic head so its slotted tooth aiines with the punch-
mar< on tae housing bv rotating the camshaft, using camshaft turning wrench 10882894,
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(2) Ogpazrate the nozzle tester, using slow steady strokes, until a pressure of
400 PSI is read on the gage. DO NOT allow fuel pressure to exceed 425 PSI,

(3) Pressure will now drop slowly., When pressure drops to 350 PSI, time the
rate of drop to 250 PSI, If time of pressure drop is less than 30 seconds, an internal leak
is present, Visually inspect for fuel leaks around fuel control unit, hydraulic head, and
tappet, Fuel leakage at these points indicates a worn control unit or damaged packings
which must be replaced.

c. Delivery valve test. To check delivery valve opening pressure;

(1) Position plunger so fuel will flow from one of the six outlets of the hydraulic
head. Use camshaft turning wrench 10882894 to turn camshaft while slowly operating nozzle
tester, When fuel flows from outlet, secure camshaft turning wrench so camshaft cannot
rotate, Remove the plunger bore screw from the top of the hydraulic head and instail
plunger bore adapter N-41, Assemble plunger bore adapter to tlexible connector N-2 with
connector nut N-4, Make sure delivery valve spring seat is screwed tightly into delivery
valve before making test,

(2) Operate nozzle tester, using slow steady strokes, while holding plastic spray
collector cup under outlet port to collect fuel. Delivery valve should cpen between 250 and
400 PSI. This is determined by a sudden drop in the reading on the gage of the nozzle
tester, If delivery valve fails to open within above pressures, the delivery valve spring
must be replaced.

(3) Disconnect flexible connector from plunger bore adapter and remove adapters
and pipe plug from No 1 hydraulic head and repeat leakage and delivery valve test on No 2
hydraulic,

d. Mounting pump on the test stand.
(1) Install the fuel housing and stems on the injection pump.

(2) Mount injectiun pump on bracket assembly (A, fig 8-8), using four hex nuts
and plain washers on bracket mounting studs, Be sure rubber O-ring is seated in recess
for sealing lube oil return port. Slide pump coupling hub (C, fig 8-8) on pump camshaft
and secure with camshaft nut and lockwasher, Slide coupliag sleeve (E, {ig 8-9) on test
stand drive hubs, Place pump and bracket on test stand mounting rails and slide toward
drive hub, Mate sleeve to pump hub, Attach clamp bars and hand knobs (D, fig 8-9) to
underside of pump mounting bracket and tighten securely.

(3) When using stand for first time; fill accumulators (A, fig 8-10) two-thirds
full with test oil before installing nozzles to hasten delivery to graduates when testing.

(4) Screw nozzles and holders (F, fig 8-8) into accumulators, using nozzle
adapter wrenches (G, fig 8-9). Do not overtighten as O-ring seal will be distorted,
breaking seal between holder and accumulator, Do not install high pressure lines.

(5) Install fuel hose between discharge block marked "fuel pressure' and pump
fuel inlet housing, Ccnnect lube oil hose between lube pressure discharge block and
pump fitting at left of governor cover, Lube oil return hose is connected between fitting on
left side of pump mounting bracket and lube return discharge block, Ccnnect remaining
fuel hose to pump bleeder valve housing and place free end near drain hole in test stand
drain pan.
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Figure 8-9, Basic tools and accessories for calibrating stand,
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Figure 8-10, PSB 12BT injection pump mounted on test stand,
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(6) Place throttle spring (B, fig 8-8) between stud on pump mounting bracket
and pump operating lever to hold lever in FULL THROTTLE position.

Note. - Key letters below refer to figure 8-10 unless otherwise indicated.

e. Bleeder valve test. Turn on auxiliary switch (B) to start test stand fuel pump.
Turn fuel pressure regulator (C) clockwise until fuel begins to flow from the fuel return
hose in drain pan. Obsurve reading on fuel pressure gage (D). If bleeder valve does not
open at 35 to 38 PSI, adjust by adding or subtracting shims between bleeder valve and
bleeder valve spring., When bleeder valve opens at correct pressure, turn off auxiliary
switch (B) and connect free end of fuel hose to discharge block marked "FUEL RETURN"
for following tests.

f. Injection pump timing.

(1) Connect high pressure lines (F, fig 8-9) to pump and nozzle holders. Lines
are tagged 1L, 2L, 3R, etc, for 2ase in connection. Test nozzle and holder assemblies on
left of test stand represent left-hand bank of engine and would read one through six from
left to right. Connect these nozzles to No 1 hydraulic head.

(2) Back off the delivery valve sp:ing seats in each hydraulic head.

(3) Turn on auxiliary switch {B) and adjust fuel pressure regulator (C) until fuel
flows at 30 to 35 PSI. Bleed pump of all air by turning camshaft manually counterclock-
wise, using coupling sleeve spanner wrench (F, fig 8-9). After pump is bled, turn cam-
shaft counterclockwise until slotted tooth of plunger drive gear appears in inspection
window,

(4) Turn pressure regulator to reduce.pressure to a minimum,

{5) Disconnect No 1R high pressure line from its nozzle and holder assembly.
Slowly rotate camshaft clockwise until fuel just begins to flow out of No 1 fuel line, Set
marker on test stand drive shaft to 0°, Continue rotating camshaft clockwisz until fuel
ilow stops. This is the port closing position.

(6) At port closing, the PC mark on the pump housing should aline with the slotted
tooth on the plunger drive gear. At the same time, the short tooth must be visible in the
timing plughole at the front of the pump. Turn off auxiliary switch (B) and connect 1R
high pressure line to test nozzle.

(7 Repeat above procedure with No 2L fuel outlet to determine the port closin
of No 1 hydraulic head. Port closing fu. No 2L fuel outlet should occur 302 after N¢ IR

fuel outlet. At conclusion of tests tighten delivery valve spring seats.

(8) 1t is not necessary to mark the port closing of No 1 hydraulic head. The check
of No IR fuel outlet is to determine whether or not the internal parts of the injection pump
have been properly installed and adjusted during pump assembly.

g. Adjusting fuel delivery of No 1 hydraulic head. Ready the test stand by performing
the following steps (fig 8-10).

(1) Turn on auxiliary switch (B).

(2) Turn on lube oil heat switch (E) to bring oil temperature to 150° F on lube
oil temperature gage (F).
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(3) Adjust lube oil regulator (G) to obtain 25 to 30 PSI on lube oil pressure gage
(H).

(4) Turn on fuel heat switch (I) to bring fuel temperature to 115° to 120° F on the
fuel temperature gage (J).

(5) Adjust fuel regulator (C) to obtain 30 to 35 PSI on the fuel pressure gage (D).
(6) Position fuel dumping lever (K) up.

(7) Set count selector switch (L) to 1,000, Two revolutions of camshaft are
necessary for a single injection {rom the pump. Thus, when counter is set for 1,000 i
will be equivalent to 500 injection pump strokes,

(8) Set forward-reverse switch (M) to FORWARD for clockwise rotation of drive
coupling.

(9) Turn shifting crank (N) to high range.
{10) Set pump operating lever in FULL SPEED position.

(11) Push test stand start button (O) and increase speed to 600 RPM by pushing
fast button (P). Maintain 600 RPM speed for a 5~-minute warmup period.

(12) After pump warmup, push fast button (P) and increase test stand speed to
2,440 RPM as indicated on tachometer (Q). Push count button (R) and hold momentarily.
Record delivery for No 1 hydraulic head at end of count, Work on the basis of average
delivery., Record the delivery of the burettes (S) for No 1 hydraulic head, add them
together, and divide by six for average delivery,

(13) It is good practice to use a total of three runs f{or determining average delivery,
Use pumping lever (K) to empty burettes (S) after each run,

(14) Average delivery for No 1 hydraulic head should be 104 to 106 cc. If the
delivery is above or below this average, remove governor cover and imove the torque
control stop plate by means of the adjusting nut, Continue collecting fuel and adjusting
torque control stop plate until average delivery falls within 104 to 106 cc.

h. Balancing delivery from No 2 hydraulic head. Operate pump at 2,440 RPM as
outlined above and record average fuel delivery for No 2 hydraulic head. If delivery is
above or below average delivery for No 1 hydraulic head, adjust the e.astic stop nut un the
{uel control yoke assembly,

i. Droop screw adjustment. Operate pump at 1,000 RPM and adjust droop screw to
obtain 75 to 77 cc,

j. Adjusting high speed and fuel shutoff.

(1) Operate test stand at 2,570 RPM. Adjust high speed adjusting screw (vertical
screw to left of operating lever) to obtain 40 to 55 cc.

() Increase test stand speed to check for {uel shutoff. Fuel delivery should cease
at approximately 2,070 RPM, If not, the bigh speed adjusting screw and/or governor inner

spring must be adjusted.
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(3) Reduce test stind speed to minimum by pushing slow button (T), When speed
reaches minimum, push stop button (U) and tura shifting crank (N) to the low range. Start
test stand and adjust speed to 150 RPM. Set count button (R) and collect fuel in burettes (S),
Fuel delivery must be at least 40 cc in each burette,

k. Idle adjustment., Operate pump at 650 RPM. Set idle adjusting screw to obtain
25 to 27 cc. If this is not possible, the outer governor spring tension must be adjusted,

1. Solenoid shutoff test. Operate pump at 2, 440 RPM and start count, Push 24-V
button to energize solenoid, Fuel delivery should cut oif cleanly.

m. Test stand shutdown and pump removel,

(1) Reduce test stand speed to minimum by pushing slow button (T). Push test
stand stop button (U).

(2) Turn off fube oil (E) and fuel heat (I) switches.
(3) Turn off auxiliary switch (B).

(4) When pump is cool enough to handle, disconnect all lines and remove pump
from test stand.

(5) Install governor and pump housing covers.




SECTION IX. FUEL INJECTION PUMP (AMERICAN BOSCH /7
MODEL PSB 6A) PRELIMINARY TESTING AND

ADJUSTING

Note. - For exact specifications and pump models, refer to TM 9-2910-220-35. For
identification, see figure 9-1.

g-1. FUEL LEAKAGE. All O-rings must be replaced at overhaul. To insure that
there 15 no leakage at the hydraulic heads, filter screw, and control unit, the following
test must be performed.

a. Remove the supply pump, bleeder valve, timing window cover, and fuel supply
fittang.

b. Install pump with advance unit onto stand.
Note. - Do not attach any lines or fittings.

¢. Plug fuel outlet from pump hydraulic head {use 1/4-in pipe plug).

d. Connect nozzle tester FSN 491-255-8641, using the proper adapters, and flex line
to the fuel supply orifice at the pump hydraulic head.

. e. Turn the pump shaft until scribed-painted tooth is alined with the housing reference
mark in the timing window,

f. Slowly actuate the tester until a pressure reading of 400 PSI is attained.
Note. - Do not allow the pressure to exceed 425 PSL

g. The pressure will now drop slowly. When it drops to 350 PSI, time the rate of
drop to 250 PSI. If the time of pressure drop is less than 30 seconds, an internal leak is
nresent, '

h. Visual inspection.

(1) Check the lube oil inlet T-fitting on the advance unit. L.eakage at this point
indicates that the filter screw O-ring gasket is damaged.

(2) Presence of oil at the control unit indicates a worn control unit shaft or a
damaged O-ring.

(3) Excessive leakage past the tappet assembiy cnly, as observed through the
supply pump opening, indicates that the head assembly O-ring gasket is damagad or the
pump has an excessively worn plunger.

(4) An external leak at the bottom of the head assembly flange, where it seats on
the housing, indicates that the rubber O-ring gasket is damaged.

(5) Remove all of the test fittings and {ixtures except the 1/4-in pipe plug in the
inel Sutlet side of the hydraulic head; i.e., after testis valid.
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Figure 9-1. Metering and distributing fuel injector pump assembly.
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;;-2. TIMING. / q 7

a. Adjust fuel and lube pressure to 2 minimum (ccw).

b. Connect the fuel pressure line from the stand to the inlet side of the hydraulic head.
¢. Connect the lube pressure and drain lines to pump and stand.

d. Turn the auxiliary motor switch on.

e. Adjust the fuel and lube pressures to 10 PSL.

f. Loosen 1/4-in pipe plug and turn pump shaft manually (bleeding of head is
essential)., Tighren plug.

g. Turn the auxiliary motor switch off.

h. Remove delivery valve cap, valve, and spring. Replace cap securely.
Note. - Use caution so surfaces are not scratched.

i, Remove cover from advance unit timing window.

j. Secure operating lever (pump) in FULL LOAD position.
Note. - Use operating lever retaining spring.

k. Rotate pump shaft clockwise (normal rotation) until scribed-painted tooth of the
plunger drive gear appears in the inspection window.

l.  Turn the auxiliary motor switch on.

m. Turn pump drive snaft until fuel stops flowing out of No 1 outlet; this is port
closing. At this point, the scribe mark on the coupling rim must register with the pointer.
The scribed-painted tooth in the timing window will be about one tooth off the housing
reference mark.

n. Turn auxiliary motor switch off.

0. This check will also prove whether internal parts of the purnp have been properly
ohased.

p. Replace timing window cover on advance unit.
Note. - Do not disconnect or remove other adapters - continue.

- IR Y

9-3. DELIVERY VALVE. To check the opening pressure of the delivery valve, the plunger
must be positioned so the fuel will pass its metering slot and be ailowed to flow out one of .
the head outlets.

a. Turn the auxiliary switch on.

b. Slowly rotate the pump camshaft until {uel flows out the No 1 fuel cutlet in the
head. Lock camshait with holding tool.
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Note. - Pump is on port closing for No 1 outlet.
¢. Turn auxiliary switch off. .

d. Carefully replace the delivery valve and spring. Secure cap and tighten to
specification,

e. Remove the plunger bore screw and screw the delivery valve test adapter into the
plunger bore.

f. Place a 1/4-in pipe plug in the fuel inlet of the hydraulic head.

g. Connect the nozzle tester FSN 4910-255-86+1 to the delivery valve test adapter
hose and fitting.

h. Slowly build up the fuel pressure with the nozzle tester while holding a suitable
container or rag over the No | outlet port to catch the fuel. The delivery valve should open

between 250 to 400 PSI. This is determined by a sudden drop in the reading on the gage of
the nozzle tester.

i. Remove the 1/4-in pipe plugs from the hydraulic head and disconnect the nozzle
tester. Remove the delivery valve test adapter., Replace the plunger bore screw.

9-4. BLEEDER VALVE.

a. Replace the bleeder valve assembly to the pump hydraulic head.

b. Connect fuel inlet line to the pump hydraulic head.

c. Place caps over nozzle leakoff fittings on the bleeder valve.

d. Connect the fuel drain line to the bleeder valve.

e. Turn the auxiliary motor switch on.

f. Adjust the fuel pressure regulator knob until fuel flows from the bleeder valve
drain line. Adjust the bleeder valve to open at 27 to 33 PSI by adding or subtracting shims
to the valve. Refer to TM 9-2910-226-35 for specific model application.

g. Turn the auxiliary motor switch off,

Note. - The bleeder valve must maintain a pressure of approximately 15 PSI at engine idle
(350 RPM).

h. Connect the fuel drain line to the stand.

9-5. FUEL DELIVERY.

Note. - A fuel compensator known to be calibrated must be mounted on the pump.
a. Install test nozzles and high pressure lines.
b. Turn the auxiliary motor switch on.

¢. Turn oil heater switch on to bring oil temperature to 150° on the oil temperature
gage.
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d. Turn the oil pressure regulator until an o1l pressure of 35 to 45 PSl is obtained
on the o1l pressure gage.

e. Turn the fuel heater switch on to bring fuel temperature between 115° and 120° on

the fuel temperature gage.

f.  Turn the fuel pressure regulator knob until fuel flows at 27 to 35 PSl as indicated
on the fuel pressure gage (regulated by bleeder valve).

g Set test stand drive counter switch at 1, 000.
h. Set test stand drive rotation switch at the REVERSE position.
i. Set test stand drive shifting lever in high,

j. Push stand start button and adjust speed to 000 RPM. Maintain this speed for 5
minnutes (warmup time).

k. Adjust to 2,000 RPM and record the average delivery. Adjust the fuel deliverv to
obtain an average reading of 3o to 38 cc on 300 injection strokes (1,000 RPM). If the
celivery 1s above or below this average, adjust the guide screw (on compensator). Moving
the screw into the housing moves the stop plate toward the smoke limit cam and cdecreases
fuel delivery. Insure locknuts are tight.

l. Reduce speea to 1,400 RPM and check for average delivery of 39.5 to 2l.3 cc.
Agzain adjust guide screw to cbtain proper reading.

m. Increase speed to 2,830 RPM. Fuel delivery should stop. Adjust nigh speed screw
ior correct reading.

Note. - The hich speed adjustment afiects fuel delivery at lower RPM; therefore, 2
combination of adjustments may be necessary to obtain the desired fuel delivery
readings. If fuel flow cannot be adjusted to limits, check the smoke limit cam
anzle and set to c0°.

n. Stop test stand and turn shifting cranx to low range. Aagjust speed to 150 RPM
and checx for fuel deiivery of at least 30 cc. A lower reading would indicate a worn piunger.

-

0. Operate pump at 350 RPM and check for fuel delivery of 13 to 14 cc. Adjust idle
screw 0 obtain correct reading.

p. Aifter this last adjistment the pump is properly calibrated and ready to be removed
from :the test stand.
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SECTION X. FUEL DENSITY COMPENSATOR (PSB 6A PUMP) !

tn

10-1. GENERAL DESCRIPTION. The muitifuel engine (4t5-series) operates on iue.s -hicna
have a significant variation in density and heat value per galion. The characteristics ot the
fuels used in the engine show a definite relationship between fuel viscousity and healing valuc.
The fuel density compensator (fig 10-1) takes this into account by making the viscosit.
characteristic a sensed variable. In the compensator the fuel {s passed i1n series tarough
two orifices of widely different flow characteristics (sizes). A change in viscosity ol the
fuel flowing through these orifices causes'a pressure drop, whicn moves a servopision to
vary the full load stop plate.

SERVO
NEEOLE PRESSURE SENG
VALVE CYLINOEQ PISTON
ORIFICE SPRING
SERVO sEvo .
PRESSURE \ /,l? TN
OENING 7 %

VISCOSITY DENSITY
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i

NEEOLE 7 CRIFICE
VALVE //‘ s
<
= REGHLATING
] VALVE
ovzmowl/ %
FUEL Z <~ ~—JFUEL
' SUPPLY

%onoooo ‘ !
7

GUIDE X - L-%X:2:X)
ADJUSTING Ll

SCREWI

= T

MOVABLE
PLATE

Figure 10~1l. Fuel density compensator ~ schematic view,

10-2. OPERATION. The fuel suppty is admitted to a pressure resu.ating valve wher. tne
supply pressure is reduced to a constant regulated pressure ¢: 2t FSi. The tuel fious
through the first or:fice formed by a close fitting piston in 2 ¢v.incer. From the serve -
cressure cvlinder the fvel {lows to the second orifice, whict 15 a sharp ecge, aciusiab.e
needie valve, The two orifices working at widely difierent restr:ictiins o the tlov @ :ge.
form a system sensitive to viscosity changes. The pressure ciuierence between the luc
orifices will charge the servopressure in direct relationship tc tne viscos:ity ot the [ue.
flowing. The position of the spring-loaded piston is varied in accordancs witn these sorvo-
pressure changes, The piston is connected by a link to tne wecce~snapey, movav.e vertical)
stop piate. The stop plate, in turn, serves as a limiting point tur the simoke limiit o7, and
fulcrum lever travel to the maximum fuel position. Upward movement ot the stog waats,
cdue to compensator sensing, will increase fuel delivery.

Note. - Oniv gualified {uel and electric repairmer are acthorizea tu test anc calit: .iu the
{uel density compensator,
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11-1. GENERAL. The fuel injection system of the Mack model ENDT 673 engine consists
of the 1njection pump complete with governor, injector nozzles and holders, delivery and
overflow fuel lines, and filters. The injection pump drives a fuel supply pump that draws
tuel oil through the primary filter and pumps it through the secondary filter to the injection
pump. The supply pump is equipped with a handpump for priming the fuel system. The in-
jection pump meters and delivers at high pressure and correct timing all the fuel required
for engine operation, The governor controls the fuel volume in direct ratio to the position
of the accelerator pedal. It also prevents overspeeding of the engine when operation is on
downhill cendition.

SECTION XI. INJECTION PUMP APE 6BB (AMERICAN BOSCH)

OVERFLOW VALVE
ASSEMBLY

CHECK VALVE

EMER. INSTALLED
SHUTOFF VALVE

GOVERNOR

ADAPTER

IDLE ADJUSTMENT
SCREW

OPERATING LEVER

FUEL INJECTION
me

FUEL sUpmLY
PUMP
HAND PRIMER
PIMP

Figure l1-1. Fuel injection pump assembly.

11-2. OPERATING PRINCIPLES.

a. General operation. In the Mack model ENDT 673 engine, each cylinder has an
individual injection pump which meters the fuel and delivers it under high pressure to the
combustion chamber. The individual pumps are mounted in a common housing, are operated
by a common camshaft, and utilize the same control mechanism to insure an equal amount
of fuel 1n each cylinder at the proper time. Fuel oilis drawn through the primary filter by
the supply pump. The supply pump forces the fuel through the secondary filter to the injec-
tion pumps. The supply pump must maintain a minimum pressure of 12-PSI flow from the
secondary filter. The fuel injection pumps force a measured amount of fuel through high-
pressure lines to the spray nozzles in the combustion chambers. Excess fuel flows from
the injection pumps through both an overflow valve rated at 15 PSI and a check valve on the
common nousing and 1s returned to the {eel supply tank. Excess fuel in the injection nozzle
also ceturns to the fuel tank.
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b. Fuel injection pump.

(1) The pump is mounted on the engine in such a manner as to permit it to be
driven by the engine timing gears. The cam lobes on the pump camshaft cause upward
movement of the plungers, and springs produce the downward movement. The cams are
arranged to actuate the individual injection pumps in the same sequence as the firing corder
of the engine (1-5-3-6-2-4). The injection pump camshaft is driven at one-half the engine
speed on the Mack 4-cycle engine.

(2) The individual pumps are the lapped plunger, constant-stroke metering bypass
tvpe. The quantity of fuel delivered to the spray nozzle is regulated by the time that the
plunger covers the bypass port. The plunger stroke length remains constant at all loads and
speeds. The 1injection must be timed to occur 29° BTC as demanded by the requirement of
the engine. Volumetric control is effected by rotating the plunger. Two ports lead to the
plunger barrel as shown in figure 11-2; one is the inlet and the other is the bypass port.
The plunger has a groove around its circumference which has a circular lower edge and a
helical upper edge. This space is connected to the plunger top by a vertical bypass slot
allowing any fuel above the plunger to flow into the helical space. Two lugs at the lower
end of the plunger engage a control sleeve around the plunger barrel. The upper portion of
this sleeve is fastened to a gear segment which meshes with a horizontal tooth controi rack.
Any movement of the control rack rotates the outer sleeve and plunger, through its lugs,
relative to the bypass port in the stationary pump barrel. Movement of the control rack
rotates each injection pump an equal amount to provide an equal delivery of fuel to each

cvlinder.

HIGH-PRESS URE FUEL

DELIVERY
VALVE
ASSEMBLY

LCwW-
PRESSURE
FUEL

BYPASS
ORSPILL
7ORT

FPLUNGER

Lﬁ’ N v,
5 R
! [ &

HELIX
- N START OF \NJECTION iy
POR INJECTION PORTS CLOSED) f
{PORTS OFEN) PORTS CLOSED) ( ¢ (SPILL PORT OPEN
. DELIVERY VALVE
" CLOSING)
AT 3525 ° - - b .- c. d.

Figure 11-2, Fuel injector pumping principle.
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(3) Fuel irom the pump fuel sump, under pressure from the supply pump, rushes
into the barrel as soon as the upper edge of the plunger uncovers the two opposite ports in
the varrel. This action begins during the downward stroke of the plunger, and the ports
remain oben as the plunger starts moving upward. When the plunger covers the ports on its
qoware strone, cutting ofif the fuel supply, the pressure exerted on the fuel causes the
spring-ioaceq delivery talve to unseat, permitting the fuel to discharge into the high-
sressure tubing which leads to the spray nozzle. The high-pressure delivery of fuel ceases
as soon as the helix on the plunger uncovers the bypass port in the barrel. At this instant,
ne i1ei under pressure above the plunger is returned to the sump by way of the vertical
roove and che helix uncovering the bypass port, thereby relieving the pressure on the
euivery valve. The delivery valve is quickly returned to its seat by the combined action

: 1ts spring and the great difference in pressure that exists between the barrel and the
agu-pressure line. In returning to its seat, the delivery valve performs a double function:
it prevents excessive draining of the fuel {rom the high-pressure line, and it relieves the
oressure :n the high-pressure line. This pressure relief is accomplished by the retreat of
an accurately lapped displacement piston in the delivery valve. Before the delivery valve
actually resets, it reduces the pressure in the high pressure line by increasing the volume
therein by a quantity equal to the volume of the displacement piston.
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(4) The positions of the plunger irom no fuel to maximum fuel delivery are shown
in figures 11-3, 1l1-4, and 11-5. For maximum delivery, the plunger is rotated in the
harrel so that 1t will nearly complete its full stroke before the helix indexes with the bypass
port, For zero delivery, the plunger is rotated in its barrel until the vertical groove alines
with tne dypass port. In this position, the pressure chamber is connected, through the
zroove, with the sump during the full plunger stroke. Any fuel delivery volume between
zero and maximum can be obtained by moving the control rack in or out. The movement of
the control rack causes the plungers to rotate a proportionate amount. The rack controls
tne position of all six olungers simultaneously, thereby insuring the injection of equai
amounts of fuel in each cylinder of the engine.
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~upe L1-2. Faelinjector plunger no-fuel delivery pusition.
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Figure 11-4. Fuel injector plunger —normal fuel delivery position. N
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Figure 11-3. Fuel injector plunger —maximum fuel delivery position,
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(5) The pump is supplied w:th engine lubricating oil from the engine lubrication
system on an intermittent basis, to lubricate the cams, roller bearings, tappet assemblies,
and governor. The intermittent feed of lubricating oil to the injection pump is controlled by
the movement of the No 6 tappet assembly. Figure 11-6 illustrates the tappet assembly at
its highest position, allowing a small quantity of oil to flow into the pump camshaft section
with each rotation of the camshaft. Figure 11-6 also illustrates the tappet agssembly at its
lowest position, where the lubricating oil inlet is blocked and oil is prevented from entering
the pump. A lubricating oil drain hole at the drive end of the pump permits excess oil to
drain back to the engine crankcase while retaining the required amount in the pump and
governor. With this arrangement, it is necessary neither to add to nor change the lubricat-
ing oil in the injection pump, and no provision for checking the level is required.

",
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Iy / 2 A TAPPET
g \ 7 ,/ TAPPET ASSEMBLY
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’l|||lm H"\"H!“’ S AR ILSL.ET o
LUBE OlL
INLET
CAMSHAFT CAMSHAFT
HIGHEST -~ LOWESST
POSITION POSITION

AT 8529

Figure 11-6. Fuel injector lubrication—tappet raised and oil inlet opened—tappet down.and
oil inlet cut off.

c. Injector noz‘zle and nozzle holder.

(I) General. For proper engine performance, the fuel oil must be injected into
the combustion chamber in a definite spray pattern. This is accomplished by the injector
spray nozzle which is held in the correct position in the cylindér head by the nozzle nolder.
The four-orifice nozzle and holder used in the Mack model ENDT 673 engine is shown in

figure 11-7.
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(2) Operation. The fuel, delivered at the proper time by the injection pump, flows
througn the high-pressure line and enters the nozzle holder inlet. It then flows through a
duct 1n the holder and nozzle body into the pressure chamber of the spray nozzle above the
alve seat. At the moment the fuel pressure, developed by the injection pump, exceeds the
pressure exerted by the pressure-adjusting spring, the nozzle valve is lifted off i1ts seat and
the fuel is forced through the orifices and sprayed into the combustion chamber of the
engine. As the helix of the injection pump plunger reaches the bypass port, the pump ceases
to deliver fuel and the pressure spring returns the nozzle valve to its seat. A controlled
amount of seepage of fuel between the close-tolerance, lapped surfaces of the nozzle valve
and 1ts body is necessary for lubrication. This leakage or overflow passes around the
spindle and into the spring compartment. From here it is returned by overilow lines to
the 1njection pump overflow valve.

d. Fuel supply and hand-primer pumps.

(1) General. The fuel transfer pump (fig 11-8) is mounted directly on the housing
of the 1njection pump and is driven by the injection pump camshaft. It is a variable-stroke,
self-regulating, plunger-type pump that will build pressure only up to a predetermined point.
It includes a hand-operated stroke pump for priming the low-pressure fuel system.

(2) Operation (fig 11-9). As the injection pump cam allows the supply pump
piunger to be forced by its spring toward the camshaft, the suction effect created opens
the inlet valve and perrnits the fuel to enter the spring chamber. As the rotating cam lobe
drives the plunger against its spring, the fuel inlet valve closes and the fuel is forced by the
plunger through the cutlet valve and around into the chamber created in back of the plunger
by 1ts forward movernent. As the injection pump camshaft continues to rotate, it allows
the compressed plunger spring to press the plunger backward again, forcing the fuel oil
hehind the plunger out into the fuel line leading to the secondary filter and the injection
sump. At the same time, the suction-effect cycle is repeated. This pumping action con-
tinues as lony as the fuel is being used fast enough by the injection pump to keep the supply
pressure from rising to the point where it equals the force exerted by the spring on the
olunger. The pressure between the supply pump and the injection pump holds the plunger
stationary against the spring and away from the pump rod. This prevents further pumping
action until the oressure drops enough to permit the plunger to resume operation. This
entire cvcle is automatic and it continues as long as the engine is running.

(3) Hand priming pump. The hand priming pump, attached to the suppiy pump at
she inlet valve chamber, permits priming of the fuel injector pump by manual'; filling the
low-pressure siae of the injection system. Raising the pump handle creates a vacuum which
v turn lifts the inlet vaive off its seat and causes fuei to be drawn into the nand primer
oump darrel. On the down stroke tne inlet valve closes and fuel is pumped through the
supply Dump spring chamber o0 and through the outlet valve. Continued stroking of the
orimuing sump wiil draw 1n fuei and pump it cut through the low pressure lines to the
:njection pump. The hand priming pump must be used to purge the fuel system of air at
any time a line is disconnected or a filter changed. It may also be used to assist timing
of the injection pump.

1t
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Figure 11-8. Fuel transfer and hand-primer pump-—cutaway view.
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Figure 11-9. Schematic diagram illustrating operation of fuel supply pump.
e. Governor.

(1) General. All diesel engines require governors to vrevent _o'vo.rspeodimj_‘ of the
~n.aine under light loads. Vehicle diesel engines also require c¢oatrol of idling speeds.
Sincc ~iesel engine speed is controlled by the amount of fuel iniected, the injectivn system:
1& desaunea to supply the maximum arount ot fuel which will enable the engine -to operate
at full icad and to reach a prodetermined maximum speec (RPM). tlowever, if the maximum

. . .. : S . -
fuey cnarze were supplied to the cylinders with engine operatiny, at "PARTIAL LOAD’ or

;0 LOAD,’ the enzine speed would increase beyvond

the critical operating range anc cause

srema-ure¢ iailure or excessive wear.

Thus, tne governor mus: accurateiv controi the

imoun: of ‘uel injected to control the engine spuved.

The governr: used with the Macy model

TNDT =73 engine 1s of the mechamical or centrifuzai {lyweight tyoe.

The governoris

sear-ariven by the pump camshaft.
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(2) Operation.

(a) The operation of the mechanical governor is based on the centrifugal
force of rotating weights counterbalanced by springs. When the speed of the engine
increases, the weights fly outward, pulling with them suitable linkage to change the
setting of the injection pump control rod. The governor linkage is connected to the injection
pump in such a manner that the spring moves the control mechanism toward the full-fuel
position, and the action of the flyweights reduces the amount of fuel delivered.

®) A typical variable speed governor is shown schematically in figure 11-10.
Withthis type of governor, the operator varies the governor spring tension to control the
quantity of fuel and does not at any time move the injector control rack directly. The con-
trol rack of the injection pump is connected to the yoke of the governor in such a manner
that any movement of the yoke will directly affect the quantity of fuel injected. The spring
tension is controlled by the operating lever, the moveément of which is determined by the
position of the foot throttle. The travel of the operating lever is limited by the idle- and
maximum-speed screws. With the weights fully collapsed (engire stopped), the spring
moves the sliding sleeve and yoke so that the fuel injection pump is in the full-fuel position.
When the weignts are fully extended, the sliding sleeve and yoke move to the rear and

decrease the amount of fuel delivered,

YOKE

!

OPERATING
LEVER SHAFT

FULCRUM
SRACKET

i

il
I

{
iiillllillll‘ﬂ!llllll

-

SHAFT HUB

-

END VIEW $IDE VIEW
Figure 11.10. Mechanical governor—component locator.

(c) If the load on the engine is decreased, the engine tends to accelerate. However,
'vnen the engine accelerates, the governor flyweights move outward as a result of increased
centrifugal force. Since the flyweights are in contact with the sliding sleeve assembly, this
movement causes a longitudinal movement of the sleeve to the rear. This movement con-
tinues until an equilibrium is established between the governor spring {orce and the centri-
fugal force exerted by the flyweights. This occurs when the engine returns to the original
speed determined bv the position of the foot throttle and its effect un the jovernor spring.
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(d) I the load on the engine increases, the engine tends to slow down, thereby
causing an inward movement of the flyweights. As the weights move inward, resulting in
reduced force on the sliding sleeve, the compressed governor spring shifts the sleeve to
the front unt1l the spring force and the centrifugal force exerted by the flyweights are
again balanced. In this way, the yoke, following the movement of the sliding sleeve,
moves the control rack of the fuel injection pump toward the more-fuel position and
thereby returns the engine to the preset speed.

(e) To accelerate the vehicle, depress the foot throttle which, in turn, increases
the spring tension. This causes the yoke to pivot to the rear, thereby increasing the supply
of fuel, The flyweights move outward as a result of increased engine speed and prevent
the control rack from reaching the full-fuel position unless the foot throttle is fully depressed.
Deceleration 1s accomplished in the reverse manner. Spring pressure is decreased, the
engine slows down, the flyweights move inward, anda balanced condition between the fly-
weights and the spring is obtained at a lower engine speed.

11-3. DESCRIPTION AND DATA.
a. Model differences.
(1) Injection pump, model APE 6BB90Q 5036A.

(a) Model 5036A injection pump is the original equipment furnished on Mack
model ENDT 673 engine 11GBA 12006P1, FSN 2815-980-7092.

{b) Model 5036A injection pump includes model GVB 250/1050C 5037B
governor.,

(2) Injection pump, model APE 6BB90Q 5748A.

(a) Model 5748A injection pump is the original equipment furnished on Mack
model ENDT 673 engine 11GBA 12006AP1, FSN 2815-087-2273 and 11GBA 12006BPI,
FSN 2815-045-6865.

(b) Model 5748A injection pump includes model GVB 250/1050C 5479A governor,

(c) This pump is furnished with a spring-loaded operating lever, No additional
accelerator retractor spring is required. With the spring lever, both the external fast and
idle stopscrew stops are removed,

(3) Governor, model GVB 250/1050C 5037B.

(a) This governor shift is supported on two ball bearings. The weights have
two needle bearings each,

() A splined drive gear and hub assembly driven by the injection pump
camshaft is used to drive the governor.

(4) Governor, model GVB 250/1050C 5479A.

(@) This governor shait is supported by one ball bearing and a Teflon bushing
in the end cap. The weights are also Teflon-bushed. -

(b) A slip clutch drive gear assembly driven by the pump camshaft is
required for usage with the Teflon bushings.
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b. Interchangeability. Either injection pump assembly may be installed on either
engine as a complete unit. The Teilon governor cannot be used on model 5036A pump,
nor can the metal bearing 2overnor be used on the model 5748A injection pump, without
changing the drive gear assembly and operating level. Hand-primer pumps and supply
pumps are interchangeable.

c. Data.
(1) For !1GBA 12006P1 engine:

LA
2 Injection pump

Manufacturer .« o+ o o & o o & s 4 4 « « s+« « s+ « « » + American Bosch
Model. . 4 4 o o o o o ¢ « s o« s « o 4 s « « « » APE 6BB90Q 3036A
Mack part number , . v« o 4 . s s s s s e w4 e o e s . . 313GC 4127
Plunger diameter. + + + o o o o o o o o o s o s o 4 0 4 s o4 s . . 9mm

Governor
Manufacturer « + o+ o o o o o o o o ¢+ o o « o « + o+ + o American Bosch
MoOdel, v v v o o« v e s s e s s s s e e s e . . GVB250/1050C 5037B
Mack partnumber . . . 4 .« . 4 o+ 0+ s 4+ o o oo s . . T09GB 318

Nozzle holder opening pressure « . . + « « « + + o+ + » »2,300-2,350 PSI
(2) For 11GBA 12006 APl and 11GBA 12006 BP! engine:

Injection pump

Manufacturer - o o » o o « o « + s + s 4 « s+ o & .+ + o American Bosch
Model, v 4 « o o s 4 o 4 o 4 o s e s e+ e« s . . APE 6BB90Q 3748A
Mack part number . . . o o . 4 b e e s s b e e e e e e e 313GC 4127A
Plunger diameter . « 5> « & o o & o o o s s 0 4 4 e e e e e e Imm

Manufacturer . o« o« « o o o o o « o o s+ o s s s s » » » American Bosch
Model, « v & v ¢ ¢ o o ¢ o s 6 0 s s e 4 e e . . GVB 250/1050C 5479A

Mack partnumber + o v v o o 0 4 0 e e b e e e e e e . . 7T096B 318A
Nozzle holder opening pressure . . + + + & 4 o« o o « » »2,300-2,350 PSI

(3) Governed speed

Fuelload................'.........Z,IOORPM
NOLOAA v 4 v v o o o « 4 4 e e e e e e e e e e e e e .. 2,250 RPM

Operating range (most efficient) . . . . . . . . .. . . 1,500-2,000 RPM
Idling speed . .« « & « + + 4 4 0 v s e e et e e .550-575 RPM (min)

(4) Injection timing, portclosing . v v o v v v v v v o e e 29¢ BTC

(5) Fueloilgrade . + o o « « o« o o o o o o o s o o o v o o o o o o 2D
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11-4. TESTS AND CALIBRATION.

a. General.

(1) A1l components of the fuel injection system must be tested and calibrated, or
adjusted 1n a systematic method prior to installing on the engine. Since nozzles are
required to test the pump, they must be tested first. The governor speed settings cannot
be obtained until the injection pump fuel flow has been established.

(@) The nozzle holders and injection pump assembly are installed as a matched
set on the original manufactured engine. Each nozzle holder carries the last three figures
of the 1njection pump serial number. They are also numbered to show the cylinder location.
By mating the proper nozzle holders with the correct pump and in proper order, results
obtainea on the calibration stand will be duplicated when installed on the engine. Failure to

do this may result in an unbalanced fuel delivery.
b. Fuel transfer and hand-priming pump.

Note. - Key numbers in (1}(a} thru {d) below refer to figure 11-11 unless otherwise
specified.

(1) Pressure test.

a) Remove tappet shell pin (3), tappet assembly (29), and tappet spring (4)
from fuel pump housing (6). To prevent loss of spindle during leakage test, insert a
1/8-inch diameter pin through the two holes in base of housing tappet guide.

(b) Ciose outlet side of pump with a 1/4-inch pipe plug. Connect fuel inlet
of pump to fuel nozzle test stand. Pump test oil into pump to a pressure of 300 PSI. The
mimmurm time for a pressure drop to 150 PSI is 10 seconds. Oil leakage will be evident
at the open end of spindle bore. Also, at this time, check the inlet and outlet valves and

plunger spring screw (23) for leaks.

(c) If excessive oil leakage is evident at the spindle, replace the spindle.

(d) Remove 1/8-inch diameter service pin from base of housing, tappet
spring (4), and tappet assembly (29) in housing {6) and retain, using tappet shell pin (5).
Stake the tappet shell pin (5) slightly at each end of pin.

(2) Operating test.

() Thue operating test is made with the fuel transfer pump and hand-priming
sump installed on the injection pump mounted in the calibration stand.

(b) Connect test stand fuel tank to pump inlet port. Install a 0-60 PSI
pressure zage in the return line, Operate test stand.

(¢) Fuel transfer pump must deliver 20 PSI or greater pressure.

Note. - In the absence of pressure, the pump may be air-locked. Loosen the outlet valve
spring retaining screw sufficiently to bleed out all air. Retighten screw.

(d) With the fuel injection pump at rest, drain fuel lines and reconnect.
Stroke hand primer until iuel flows. If more than 30 strokes are required or if stem
leaxs, replace piston pacxings.
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1 Tappet shell roller 11 Handpump adapter 21 Plunger preformed packing
2 Tappet roller pin 12 Adapter gasket 22 Barrel
3 Tappet shell 13 Valve spring 23 Plunger spring screw
4 Tappet sgermz' ] 14 Valve 24 Plunger screw gasket
6 Tappet shell pin 16 Plunger gasket 25 Plunger spring
6 Fuel pump housing 16 Hand primer %ump 26 Plunger
7 Valve 17 Bracket assembly 27 Tappet shell spindle
8 Valve spring 18 Cross pin 28 Pipe plug
9 Retaining screw gasket 19 Plunger 29 Tappet assembly
10 Valve soring screw 20 Knob sealing washer

Figure 11-11. Fuel transfer and hand-priming pump-—exploded view.
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Warning. - The penetrating power of atomized oil under pressure is sufficient to puncture
the skin and may cause blood poisoning, Therefore, hands must be kept away {rom a

spraying nozzle.

(3) Testing hole-type nozzles.

. (a) Attach nozzle holder assembly to correct size test stand (fig 11-12).
Close the pressure gage valve to protect the gage and actuate the test stand lever rapidly
(about 25 strokes per minute) to expel air from the nozzle and holder and to "'settle’ the
spring and nozzle loading column. Open the pressure gage valve one-half turn and depress
the operating lever slowly to raise pressure. Observe nozzle opening pressure on gage.
If opening pressure is other than 2, 300 PSI, adjust to correct setting.

CONNECTOR TUSE

PRESSURE
GAGE VALVE

PUMP HANDLE

3 NOZZLE TESTER,
, 4910-255-8641 AT 8554

Figure 11-12. Nozzle test stand.

Note. - Protection cover rmust be removed and locknut loosened prior to making
adjustment. When adjusted, secure locknut.

(b) When a new pressure-adjusting spring is used, adjust the opening
pressure 10 percent higher than specification to 2" w for spring set.

(c) Actuate the operating lever slowly to build up pressure, and as the
correct openmng point is approached, observe the spray orifice of the nozzle. If drops of
fel form or oil issues as a stream at pressures 100 PSI below the opening pressure, the
nozzle is leaking and must be replaced.

(d) If the assembly passes the leakage test without leaking, the spray pattern

srould be examined. Close the gage valve {o protect the gage when lever of test stand is
actuated rapidly.
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Note. - Make sure that all holes are open and appear to be spraying the same quantity of \ ‘

fuel.
(e) Operate lever at a rate of approximately 15 strokes per minute. The

spray formation should be sharp with a2 rather solid pattern, and the angles formed by the
individual sprays should be uniform (fig.il-13).

GOOD NOZZLE SPRAY

% ‘

7

V74

POOR NOZZLE SPRAY

Figure 11-13, Nozzle spray patterns: Top—good nozzle spray; lower —
poor nozzle spray. )

(f) Usually the spray of a hole-type nozzle will be satisfactory if the valve
seat is tight, valve free, and all spray orifices clean. However, if the nozzle is not in
good operating condition, the spray pattern will be poor (fig 11-13). If the spray pattern
cannot be corrected, the nozzle should be replaced.

(g) The nozzle chatter must be distinct and regular. A sharp, pitched sound
is not mandatory, and an occasional skip or variation in the chatter pitch sound is
acceptable.

(h) The '"chatter' test requires that the stroke of the test handle tahes approxi-
mately two seconds. This must be performed with the test stand pressure gage out of the
line (valve shut off).

(4) Internal timing.

() Whenever a fuel injection pump has been completely disassembled and
reassembled, it is necessary that both internal timing and calibration of the pump be
cnecxed even though none of the components were replaced. Internal timing for the Mack
ENDT =73 engine injection pump is timed for port closing, or the upper end of the plunger
completely covers the fuel inlet holes in the barrel and no fuel flows irom the delivery
valve. Each delivery valve must close 00°, plus or minus 1/2°, apart in firing order
sequence, to be properly timed.
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(b) To time an injection pump, a test stand equipped with a coupling having
a 360° protractor and pointer (FSN 4910-981-2770) is required to check the 60° intervals,
In addition, a dial indicator and modified delivery valve holder is required to check plunger
lift to cutoff point. Enlarge delivery valve holder bore to G.156 inch,

(c) Assemble pump to test stand, using flange adapter FSN 4910-981-2771
{fig 11-14). Block operating lever in full open position. Remove side inspection cover.
Remove No | delivery valve holder and nut. Also remove delivery valve spring and needle,
Needle may be easiiy removed by pumping fuel to lift the needle from the valve. Install
modified delivery valve holder and nut, Carefully insert 0.125.inch diameter rod through
hole until it rests on plunger. Rod must be 3-1/2 inches or longer. Assemble dial
indicator to read stroke, and set dial at zero for lowest portion of stroke (fig 11-13).

ol 3
=Y

=

- L.s\ -t
Y \-v'i ‘,_"‘

NG Teo. R,
2 M e 1ot v
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Figure l1-14. Fuel injection pump assembly mounted on test stand.
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PLUNGER AT PLUNGER AT
LOWEST POSITION PORT CLOSING

Figure 11-13, Port-closing dial indicator.

Note. - The delivery valve needle is a lapped and mated part to the valve body., Do not
handle the lapped surfaces.

(d) Provide for fuel flow by hand supply pump, gravity feed, or test stand
pump. Attach fuel line to injection pump. Fuel should flow from No | delivery valve,
Rotate pump in a clockwise direction, when viewed from front, until fuel flow ceases.

Wipe fuel from holder to better observe fuel action. Fuel will cease the instant the plunger
covers the fuel inlet port. Read dial indicator.

(e) If no timing spacers are in the pump, the reading will be greatly above
specifications., Spacers are not always inserted at the time of pump rebuilding, Timing
spacers are obtainable in 0.050-, 0.054-, 0.058-, '0.062- and 0.066-inch thicknesses.
When properly timed, fuel will cease when plunger rises 0.118 inch, plus 0,010 inch,
minus 0,004 inch,

(f) Using plunger spring compressor (FSN 4910-977-7419), rotate camshaft
to lower tappet and compress spring. Using two narrow screwdrivers, raise tappet knob
and insert proper tappet spacer under knob. Remove spring compressor,

(g) Repeat test, setting dial indicator at zero for low point. Fuel should
cease at specified stroke. If not, replace spacer with thicker or thinner spacer.

(h) When No 1 delivery valve port closing is correct, set indicator on test
stand protractor at 0° at point of port closing. Remove dial indicator, test rod, and
modified delivery valve holder. Carefully replace delivery valve needle and spring.
Replace delivery valve holder and nut. Torque to 85-90 lb-it,

(i) Proceed to time remaining delivery valves in firing order sequence of
1-5.3-6-2-4, Test stand indicator should be 60°, + 30', at point of port closing. Each
additional valve must be timed to a multiple of 60°, +30'.

(j) After timing all delivery valves, check plunger for bottoming on delivery
valve by rotating camshaft until No 1l plunger is at highest position. Using narrow screw-
driver, pry up on plunger. Plunger must be free to move. If plunger is against delivery
valve, retime pump, using thinner spacer.
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SECTION XII. CUMMINS FUEL SYSTEM

12-1. GENERAL. The NHC-250 Cummins engine (fig 12-1) is new.to the Army inventc .y.
The PT /pressure-timed) fuel system is based on the principle that the volume of liquid
flow is proportional to the fluid pressure, the time allowed to flow, and the size of the

passage the liquid flows through.

Figure 12-1, NHC-250 engine model.

12-2. FUEL SYSTEM - BASIC OPERATION. The fuel system (fig 12-2) is composed of
one fuel tank with a vented filler cap and delivery and return lines going to the fuel supply
pump from the cylinder heads. Flexible lines connect the tank to the pump. Rigid lines
connect the pump to drilled fuel supply passageways in the cylinder head. These passages
deliver fuel to the (PTD) injectors which are the unit type. Mounted between the fuel tank
and the fuel supply pump is one disposable type cartridge fuel filter. The PT fuel supply
pump is manufactured by the Cummins Engine Company and is the pressure-timed type.
The pump is gear driven at engine speed and mounted on the left side of the engine. The
PT (type G) fuel pump can be identified by the absence of the return line at the top of the
fuel pump, The fuel pump has four main compouents.

Dol BET AN L )
e IETAY

GV CANK

PY UL PUMS

Figure 12-2, PT.fuel system - fuel flow diagram.
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a. The gear pump (fig 12-3) draws fuel from the supply tanks and forces it through
the pump filter screen to the governor. It is driven by the pump main shaft and contains a
single set of gears to pick up and deliver fuel throughout the fuel system. A pulsation
damper mounted to the gear pump contains a steel diaphragm which absorbi pulsations
and smooths fuel flow through the fuel system. From the gear pump, fuel flows through
the filter screen to the governor screen. The PTG pumps are equipped with a bleed line
which is attached to the engine injector return line, or to the tank, and prevents excessive
fuel temperature within the fuel pump, The bleed line functions primarily when the pump
throttle is set.at idle speed, but gear pump output is high due to engine operating speed as
occurs at downhill operation. A special check valve and/or fitting i3 used in the gear
pump to accomplish the bleed action.
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Figure 12-3. Gear pump.

b. The governor controls the Zfow of the fvel from the gear pump, as well as the
maximum and idle speeds. The taechanical governor is actuated by a system of springs
and weights and has two functions. First, the governor maintains sufficient fuel for idling
with the throttle control in idle position; second, it cuts off fuel to the injectors above
maximum rated RPM, The idle springs (in the governor spring pack) position the governor
plunger so the idle fuel port is opened enough to permit passage of fuel to maintain engine
idle speed. During operation between idle and maximum speeds, fuel flows through the
governor to the injector in accordance with the engine requireinents, as controlled by the
throttle and limited by the size of the idle spring plunger counterbore on the PTG fuel
pumps. When the engine reaches governed speed, the governor weights move the governor
plunger, and fuel passages to the injectors are shut off. At the same time, another
passage opens and dumps the fuel back into the main pump body. In this manner, engin
speed is controlled and limited by the governor regardless of throttle position. Fuel
leaving the pump flows through the shutdown valve, inlet supply lines, and into the injectors,

¢. The throttle provides a means for the operator to manually control engine speed
above idle as required by varying operating conditions of speed and load. In the PTG pump,
fuel flows through the governor to the throttle shaft. At idle speed, fuel flows through the
idle port in the governor barrel, past the throttle shaft. To operate above idle speed, fuel
flows through the main governor barrel port to the throttling hole in the shaft.
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d. The fuel shutdown valve (fig 12-4) is located on top of the fuel pump. It shuts off
fuel to the injectors. With the master switch on, the solenoid opens the valve. With the
switch off, the spring-loaded valve returns to the OFF position. In case of an electrical
failure, rotate the manual knob clockwise to permit fuel to flow through the valve. The
knob is located on the front of the valve.

FILTER SCREEN l! ! . SHUT.-DOWN VaAlVE

TACHOMETER SHAFT

/

- GEAR PUMP

PULSATION DAMPER
/ /

1D\E SPRINGS
. {l‘l‘v‘;!‘)“',, B :,. - 5 :"
T T 2

MAIN SHAFT

4

GOVERNOR .
ASSISY
PLUNGER

ID.E ADJUSTING SCREW

MAXIMUM SPEED SPRING

S S
WEIGHTS GOVERNORPLUNGER  THROTTLE SHAFT

Figure 12-4. Cross section, PTG fuel pump.

12-3, POSITIVE DISPLACEMENT FUEL PUMP. This pump contains a drive gear and
snaft which 1s splined to the main drive shaft, An idler gear is located toward a bleed-off
passage and check valve fitting. It is important that the correct restriction fitting is
4liilzed to insare integral gear pump cooling., A locating notch on the pump body and cover
is used for assembly and determination of pump rotation.

12-4. MECHANICAL MAXIMUM SPEED GOVERNOR. This is sometimes called an
"aatomotive governor'' and is a limiting speed type. Itis actuated by a system of springs
and weights and has two functions. First, the governor maintains sufficient fuel for idling
with the throttle control in 1dle position., Second, it cuts off fuel to the injectors above
maximum rated XPM., The idle springs, in the governor spring pack, position the governor
piunger so tke idle fuel port 1s opened enough to permit pasaage of fuel to maintain engine
1cle speed. A governor plunger, guided by a barrel, operates between the toes of the
jovernor weights and the governor spring pack. A weight-assist plunger exerts some
oressure against the governor plunger to stabilize tlie governor action in the lower RPM

range.
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12-5. MECHANICAL VARIABLE SPEED GOVERNOR (MVS) (FIG 12-5). This supplements
the standard automotive governor. The automotive type governor cannot be expected to
regulate engine speed below full-load speed and when trying to regulate engine speed by
reducing the throttle position; a slight variation in load from the power takeoff-driven
equipment will cause a varying engine speed. For all applications in which the engine is
driving the power takecff equipment, and at the same time the operator is not controlling
the engine speed by rmaintaining a constant touch with the throttle, a variable speed
governor must be utilized. A typical application is found on the M816 wrecker. The MVS
governor assembly mounts on top of the fuel pump, and the fuel solenoid is mounted to the
governor housing. The governor also may be remote mounted, 'Fuel from the fuel pump
body enters the variable speed governor housing and flows to the governor barrel and
plunger. Fuel flows past the plunger to the shutdown valve and into the injector, according
to governor lever position (as determined by the operator). The variable speed governor
CANNOT produce engine speeds in excess of the automotive governor setting. Speeds
below idle setting may be obtained; however, adjustment settings should not be made for
less than automotive idle speed. On engine applications requiring a preset MVS governor,
an air-actuated cylinder is available. This cylinder has a preset l-inch stroke andis
mounted to the governor in a position to push upon the governor throttle lever. A shorter
lever should be used with the air cylinder to avoid problems with travel length, RPM
range, and alinement. An air line under a minimum of 60 PSI, witha 1/8' NPT, is
required to hook up and activate the governor. Calibration procedures are similar to
regular pump testing with the exception of certain specifications.

12-6. NOZZLE IDENTIFICATION (FIG 12-6).
2. The PT injection system is used on Cummins engines only,

b. The system uses mechanically operated unit injectors and a variable pressure
fuel supply pump. ’

C. The letters PT that identify both the pump and the system signify pressure-tame
and refer to the method of metering the fuel,

(1) Looking at an injector assembly, you will notice markings on the plunger,
injector adapter, and injector cup, These markings are important for matching parts
and testing procedures,

(2) Plunger - date, feed orifice size, and class fit.

(3) Injector adapter - cup hole size and flow code.

(4) Injector cup - number of holes, size of holes, degree of holes, and date
(month and year).
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GOVERNOR CROSS SECTION

CUMMINS NHC-250 ENGINE

MAXIMUM
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12-5. Mechanical variable speed governor,
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12-7. CONSTRUCTION OF INJECTORS (FIG 12-7).

|
|
»
\l
/
1. Cup hole size 2. Flow code
Size location on injector adapter
1. Number of holes;—_:["'?r’Degr\ee of holes
2. Size of hole 4. Month
5. Year
Size marking on injector clip
1. Date
2. Feed orifice size
3. Class
Size marking location
on plunger
- )
\ Figure 12-6, Injector markings. g

a. Description.

(1) Injector body. The injector body is a centrally bored body that serves as a
housing to which all of the injector parts are lap-fitted into or attached to, The body has
drilled fuel inlet passages and outlet passages.

(2) Cup. The cup screws onto the base of the body and serves as a storage area
for the fuel during the metering phase. It has eight drilled orifices that the {uel is injected

through.

(3) Adjustable delivery orifice plug. The plug screws into the main body. The
orifice may be enlarged to allow more fuel into the injector. A screen covers the plug

for final filtering of the fuel.

(4) Check ball. The small steel ball that moves to seal off incoming fuel at the
end of the metering phase. The ball and stop may be replaced without replacing the main
body.

(5) Injector spring. The spring returns the plunger to the up position. Itis
lapfitted to the body and has an annular groove that permits fuel to {low through the injector
and back to the tank for cooling purposes.

23, /
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CUMMINS NHC-250 ENGINE

1 curp 13 ADAPTER

2 CUP RETAINER 14 SPRING

3 BARREL 15 LINK ‘
4 PLUNGER 16 FUEL OUT l
5 CHECK BALL 17 'O’ RING E
6 GASKET 18 NUT ;
7 cup 19 ROCKER LEVER %
8 SCREEN 20 ADJUSTING SCREW :
9 FUEL IN 21 PUSH ROD !
10 ORIFICE 22 TAPPET }

11 ORIFICE GASKEY 23 CAMSHAFT LOBE

12 COUPLING

Figure 12-7. PTD injector-—construction.

b. Operation. Fuel flows from a connection at the top of the fuel pump shutdown
valve through a supply line into the lower drilled passage in the cylinder head at the {ront
of the engine., A second drilling in the head is alined with the upper injector radial groove
to drain away excess fuel. A fuel drain at the flywheel end of the engine allows return of
the unused fuel to the fuel tank,

12-8. PHASES OF OPERATION (FIG 12-8).

a. Metering. This phase begins with the plunger just beginning to move downward
and the engine on the beginning of the compression stroke. The fuel is trapped in the cup,
the check ball stops the fuel from flowing backwards, and the fuel begins to be pressurized.
The excess fuel flows around the lower annular ring, up the barrel, and is trapped there.

b. Preinjection. The plunger is almost all the way down, the engine is almost at
the end of the compression stroke, and the fuel is being pressurized by the plunger.

¢. Injection. The plunger is almost all the way down, the fuel is injected out the
eight orifices, and the engine is on the very end of the compression stroke.

d. Purging. The plunger is all the way down, injection is finished, and the fuel is
{lowing 1nto the 1njector, around the lower annular groove, up a drilled passageway in the
barrel, around the upper annular groove, and out through the fuel drain. The cylinder is
on the power stroke. During the exhaust stroke, the plunger moves up and waits to begin

the cycle all over again.
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METERING PREINJECTION INJECTION PURGING

Figure 12-8, Phases of operation,

12-9. CALIBRATION OF CUMMINS FUEL INJECTOR NOZZLES USING THE FLOW
COMPARATOR MODEL 67-7057.

2. The Bacharach model $7-7057 comparator (fig 12-9) is a bench-type comparator,
It is designed to calibrate and flow test the Cummins PT and GMC unit injectors. The
comparator is a self-contained unit, operating from a l15-volt AC, single-phase, o0-cycle
power supply outlet, intended for mounting on a suitable frame or bench,

D. The comparator incorporates a motor-driven cam box, hydraulic ram cylinders,
a hydraulic system, injector fuel system, and instrumentation required for flow testing
the Cummins PT and GMC unit injectors. All major components are conveniently mounted
on the instrument panel and on the base plate which is also the fuel tank cover. The fuel
tank holds 10 gallons. In order to maintain constant calibrating oil temperature, a heat
transfer is built into the fuel tank.

¢. The comparator is supplied with basic accessories for mounting and testing the
Cummins PT and GMC unit injectors (fig 12-10), The injector to be tested is placed in an
inverted position between a suitable discharge head and the appropriate size pusher rod
extension (fig 12-11). It is clamped with a predetermined force by a hydraulic ram cylinder.
The cylinder is actuated by fuel Pressure supplied by a motor-driven fuel pump. The cam
box includes a two-lobe cam. One lobe is for driving the Cummins PT injector; the other
1s for Detroit Diesel 53 and 7l series unit injectors., The cam lobes are contoured to
simulate exact engine operating conditions. The cam box may be driven at two different
speeds merely by shifting the V-belt from one pulley to the other. The speed may be
further changed by loosening the setscrew of the adjustable pulley and moving the pulley
away from the motor to increase the speed, or moving the pulley toward the motor to
decrease the speed.
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d. Each comparator is fully tested and calibrated at the factory prior to its shipment,
using the Cummins master injector ST768 and those representing each major injector
category.
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Figure 12-9. Comparator model 67-7057 with Cummins master injector
ST768 installed.




Fuel infed

Figure 12-11. Cummins L-injector mounted
on comparator.

Figure 12-10. Comparator accessories,

12-10. MOUNTING THE PTD INJECTOR IN COMPARATOR.

2. Lubricate the internal surfaces of the adapter body and injector O-rings with
Lubriplate.

b. Back out, or remove, the knurled locating screw from the adapter body. Remove
clip and inlet screen from the side of the injector if installed.

C. Aline the injector delivery orifice with the locating screw hole in the adapter
body. Press injector with hard pressure only into the adapter body until it bottoms.

d. Insert and tighten the locating screw into the adapter and look down from the
top of the adapter to see that the locating screw extended into the injector.

e, Engage adapter body with injector into the adapter plate (YY-6824, JC, side up)
and mount it in an inverted position on the comparator, using pusher rod No 67-1071.

f.  While holding this assembly with one hand, operate the ram motor. Center the
injector cup under the discharge head. Place ram control valve handle in "press' position.

2‘.

132 IJ.
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g. After the ram piston with the discharge head has clamped the injector in place,
wait 15 seconds and mechanically lock the piston by moving the locking handle forward.
Then place the ram control valve handle in "lock" position and switch off ram motor.

- h. Attach swivel connectors to adapter body. The inlet port is the one nearest
the injector cup.

12-11. FLOW TESTING THE PTD INJECTOR.

a. Before regular flow testing of the injectors may be started, the comparator
must be calibrated using the Cummins master injector No ST768. The Cummins master
injector must always be tested with the 0.013-inch orifice installed and the cam shift
lever in the "cam'' position.

b. Mount the master injector (it is a flanged type) into the correct adapter plate,
No 5630, so that the plate dowels engage into the injector flange holes.

¢. Grasp with one hand the injector and adapter plate so that the plunger and link
cannot drop and place the whole assembly in an inverted position between the guide posts.
The plunger link must rest against the pusher rod extension, and the slots in the adapter.
plate must engage the two guide posts over the two spacers. Make sure that the injector
fuel 1nlet and outlet ports are positioned so that the inlet and outlet swivel connector can
be easily attached from the operator’s side.

d. While holding this assembly with one hand, operate the ram motor and with the
locking handle, lock in position. Turn ram motor switch off.

e. Attach inlet and outlet swivel connectors to injector. The flange injector
requires two reducer adapters.

f. The operating test fuel oil temperature must be 80° F to 100° F. Adjust the
injector inlet pressure with the pressure regulator to read exactly 120 PSI. Run comparator
for approximately 30 seconds to purge the air that may be in the system.

g. Set counter to 1,030 strokes. This is done by raising red lid while depressing
black reset button and turning the individual digit wheels to the desired number of strokes.
Now push the counter button and collect oil in the graduate.

h. Take a total of three readings and find the average. If the volume is below
132 cc, increase counter setting (use more strokes). If the volume is above 132 cc,
decrease the counter setting. A change of 15 strokes will result in a volume change of

about 2 cc.

i. When the counter has been set to the number of strokes where the master
injector will flow exactly 132 cc, take two additional readings to insure repeatability.
The comparator is now considered to be calibrated. Do not alter this counter setting
and proceed to flow test each injector.

12-12.  INJECTOR SPRAY PATTERN CHECK PROCEDURE (FIG 1212).

a. Locate the spray test fixture (ST668) on or near the injector test stand (ST790).
or another source of 50 PSI constant fuel pressure, so injector inlet connection of the test
stand will reach the injector to be spray checked.

b. Attach drain hose to fixture base and place loose end 1n the test stand drain pan.
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Figure 12-12. Spray pattern check procedure.

C. Assemble the cup seal spacer to seat bracket bore (H-2 seat). Place seat H-2
in seat bracket bore.

d. Check cup markings for number of spray holes and place applicable target ring
in base of fixture., The NHC 250 engine will have eight holes which will be marked as the
"target handle. "

e. Insertinjector into the adapter (ST1058) and remove the plunger assembly and
spring from the injector.

f. Install plunger bore plug and seal to protect injector from, dirt and damage.

g. Install the solid knurled plug in the drain opening adapter (ST1058).

h. Adjust holddown brackets with injector in fixture seat and tighten thumbscrew.
i. Tighten knob against plug and seal in plunger bore so it seals thoroughly.

jo Attach fuel inlet line from test stand to injector inlet of adapter.

k. Start test stand and set fuel pr-ssure at 50 PSI.

1.  Shift target ring in base of fixture so one of the spray streams hits center of
No | or index window. This is the tallest window on the ring.

m. Each spray stream must hit a window in the target ring.

n. Each spray stream hits above, below, left, or right of a small window. Shift
the target ring so No | window is at that stream. If the stream is still outside of No !
window, the cup is defective or the spray hole is dirty. Clean spray holes with compressed
air and recheck cup. If the spray pattern is still defective, check to make sure proper
target ring is being used. or discard cup.

Note. - For a cup to be acceptable, no more than one stream must require the iacreased
tolerance of the No 1 window.

0. After spray testing, assemble plunger with spring in adapter and store ina
clean place until ready for flow test.

134
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SECTION XIII. CALIBRATICON OF CUMMINS PTG FUEL PUMP Q /

13-1. GENERAL. When testing the PTG pump, fuel delivery is not measured in the
burettes of the 10 hp test stand. Instead the total output volume of the pump is routed
through the auxiliary flow panel (fig 13-1). Fuel quantities are indicated by a float, while
the variable pump pressures and vacuum are shown on corresponding gages. The test
stand fuel supply pump is not utilized when calibrating PTG pumps.
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Figure 13-1. Test stand with flow panel.

13-2. AUXILIARY FLOW PANEL.

a. The {low panel may be attached to eit~z2r side of the test stand (fig 13-2).

b. Fuel readings are taken by observing the relative position of a float device within
the rotameter. A graduated glass tube shows a range of 1.0 to 10.0 x 100 (times one
kundred) 1n PPH (pounds per hour). The fuel pressure gage with Zlow control valve or
sressure regulator ranges irom 0 to 300 PSI. A four-way selector valve allows routing of
fuel when conducting a specific test. The three valve positions for normal pump testing
- are from leit to right: rotameter, leakage test, and idle. Other control and connection

points are a bypass valve, a pressure gage outlet, fuel input, fuel outlet, and leakage test

outlet fittings. The complete auxiliary flow panel modification kit is listed under
TSN $910-763-7493.
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13-3.

a.

Figure 13-2. Flow panel.
PUMP MOUNTING.
Bracket and hardware.
(1) Mount adapter ring ("top" mark) to adapter bracket,
(2) Flange-fit and secure pump to bracket assembly.

(3) Place assembly on test stand rails and slide toward drive coupler.

Note. - A special stand drive shaft coupler and star wheel must be used.

240
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(4) Aline and engage pump to shaft coupler and (allow for 1/16" clearance)
tighten clamp bar.

b. Hose connections.
(1) Install jump iniet adapter and/or suction valve at gear pump inlet.

(2) Connect No 8 hose from test stand fuel outiet/suction valve to pump inlet
adapter.

(3) Connect vacuum gage to small flare connector at pump inlet adapter.

(4) Connect dual line from pressure gage auxiliary panel to pump outlet {ittirg
at solenoid.

(5) Connect No 8 hose from flow panel fuel outlet to test stand fuel return.

(6) Connect No 4 hose (plastic) from pump cooling port to flow panel auxiliary
fuel inlet.

(7) Instal! nozzle adapter in accumulator chamber nearest to flow panel and
connect line from leakage test outlet.

13-4. TEST AND CALIBRATION. Tests onthe PTG pump are divided into the following
steps:

a. Gear pump suction test.
Note. - Do not turn on auxiliary motor switch during testis.
(1) With main power switch closed, turn on fuel heater (80° to 100° F).
(2) Range selector to HIGH.
(3) Direction of rotation REVERSE.
(4) Open bypass valve, suction valve, and flow control valve.
(5) Selector valve to ROTAMETER.
(6) Throttle to full forward.
(7) Start test stand and operate at 430 to 50N RPM.

(8) Observe fuel flow in flow meter. If air bubbles are present, move throttle
between full fuel and idle position. If bubbling persists, check for air leaks.

{a) Check all lines and connections.

(b) Apply lubricant to weep hole at pump drive cover and tachometer drive
to derect leaks. .

{9) With speed at 500 RPM, slowly close suction valve until 15 inches Hg is
indicated on vacuum gage. A lower reading indicates leaks or aefective gear pump.

137
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b. Vacuum adjustment (fig 13-3).

Figure 13.3, Suction valve vacuum setting.
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(1)
@)
@)
(4)

35

Close bypass valve.
Open suction valve and fuel flow valve,
increase speed to 2,000 RPM.

Slowly close suction valve until 8 inches Hg is indicated on vacuum gage.

Suction valve will remain in this position for all further tests since the pump is
calibrated with a simulated fuel filter restriction of 8' Hg.

Total fuel flow.

(1)
)

Increase pump speed to rated 2, 100 RPM.

Gradually close fuel flow control valve until the flow meter indicates

340 lo-hr at 171 to 176 PSI manifold pressure.

(3)

Reading is taken at lower edge of float cone. Multiply face value by 100 for

correct reading,

(4)

1f fuel pressure does not fall within tolerance range of 171 to 176 PSI with

rated {low of 340 lb-hr, remove throttle shaft restriction plunger. Remove shims to
increase pressure. Set pressure from 3 to 6 PSI above maximum (176 + 3 to 6).

Note. - Rear throttle screw is used for final adjustment,

d.

Go

(1

vernor cutoff RPM.,

With all controls in the same position, increase pump speed until fuel

oressure just begins to drop. This should take place at 2,130 to 2,150 RPM.

(@)

Add shims at governor high speed spring (outer spring pack) to raise speed.

Tach 0.901-in shim = 2 RPM.

®3)

Increase test stand speed until fuel pressure drops to 40 PSi. This should

take place at 2,300 RPM.

e.

Ch
(1

pressure.

@)

eckpoint two.

Lower speed to 1,400 RPM and check for 220 lb-hr at 91 to 97 b fuel
Compensate by adjusting flow control valve.

If not within specifications, the governor plunger and/or weight assist plunger

is defective.

i.

Weight a<sist pressure.

(1)
(2)

-Check {»r low speed torque.

At 300 RPM, check for 35 to 41 PSI with 120 lb-hr of fuel f{low. Compensate

with fiow control valve.

(3)

Add shims under weight assist plunger to raise pressure. Pump must be

recalioratec.




g. Throttle leakage test. )
(1) Reduce speed to 500 RPM.
(2) Turn selector valve to leakage test position. :
Note. - Open bypass valve.
(3) Set test stand count selector to 1,000. }
(4) Increase speed to 2,100 RPM and move throttle to idle position. ‘
(5) Push START COUNT button and observe fuel collection in burette.
(6) Repeat count; delivery per count should be 15 to 17 cc.
(7) Adjust front throttle screw in to increase delivery.
(8) Monitor pump temperature. To avoid excessive heat, move throttle to full
fuel position to allow circulation of fuel.
h. Idle fuel pressure. -
(1) Reduce speed to 500 RPM.
(2) Close bypass valve.
* (3) Turn selector valve to IDLE position. . K

(4) With throttle at idle position, fuel pressure should indicate 26 PSI.

(5) To increase pressure, remove pipe plug in spring pack cover and turn idle
screw clockwise with special tool (ST).

i. Pump removal.
(1) Shut down test stand.
(2) Drain and remove pump.
(3) Seal all openings.
Note. - When mounting the pump on an engine, slight adjustments of manifold pressure

and idle pressure can be made. However, a correction of more than 5 PSI
manifold pressure calls for calibration of the pump assembly.

13-5. CALIBRATION OF PTG PUMP WITH MVS GOVERNOR MOUNTED.

a. Move both throttle levers to full fuel position.
hH. Back out maximum speed screw (top screw).
c. Set suction restriction to 8-in Hg at 2,000 RPM.

d. Adjust fuel flow at rated RPM to specific 2, 100 RPM; 340 lb-hr at 171 to 176 PSI.
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@. Check automotive governor setting by increasing RPM until fuel pressure drops
(2,120-2, 140 RPM), Make correction at governor high speed spring.

f. Adjust MVS governor after setting automotive governor as follows:

(1) Operate pump at maximum rated speed.

-

{2) Turn maximum speed screw (top screw) of MVS governor in until manifold
pressure starts to drop.

(3) From this point, one turn out will be required to set the MVS governor
slightly above the automotive governor,

g. Make idle adjustment with MVS governor as follows:

(1) With throttle shaft in idle position, check for 26 PSI fuel pressure at
500 RPM. Adjust idle pressure in spring pack housing.

(2) With automotive idle adjusted, move throttle shaft to full fuel position and:
(a) Move MVS throttle to idle position.

(b) Adjust idle screw (rear) to 26 PSI fuel pressure,

..'-,.‘-‘::: 7

(R

-
- :-mgv.

Figure 13-4, Testing PTG pump with MVS governor.
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ilandbook of Operation and Service Instructions AD 369—Simmonds Aeroscessories, Inc,
Tarrvtown, New York.

Field Service Bulletin No 193 —Description of Fuel Injection System Used on Continental
Model AVSI 1790-6, Engine, Continental Motors Corporation, Muskegan, Michigan,
August 195+,
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NOTICE w7

The inclosed responses are listed in numerical order, After making
a circle around the number of your choice on the ANSWER SHEET, check
the same number on the exercise response list, If you selected the correct
answer, the response will indicate it with the word "CORRECT" appearing
as the first word. Read the response for further information and then |
proceed to the next question, If the response shows you have not selected |
the correct choice, read the information presented to find out why your ‘
choice was wrong and where you can find the correct answer, The suggested
references are designed to cover major teaching points in each lesson, thus |
reinforcing the student's learning process,

REMINDER!! Be sure to PRINT your name, grade, social security account
number, sfulavcgurse number, and date in the top left corner of your
answer sheet before you start your first exercise.

RSy




RESPONSE
NUMBER RESPONSE*

100 CORRECT. The water jacketed intake manifold maintains the
temperature of the air entering the cylinders at 150 F even in cold
climates.

101 Para X 4 1
103 Para 7b

104 Para la

109 CORRECT. A small and short intake manifold will retain the air velocity
for good fuel distribution,

110 Para 2a

112 CORRECT. The heating of a liquid will aid in the movement of the
molecules into the air. )

113 Para 2¢(2)
116 Para 2g(l)

117 CORRECT. This is always a good test method to use when checking
continuity.

119 Para 7c¢

122 Para 5b(l)
124 Para jopsk QA
129 CORRECT. A spring moves the plunger down if it has been raised by

the vacuum.

133 Para 2§ &

134 CORRECT. Any problem such as leaks, restrictions, or dirt that
causes the oil pressure to drop below 28 PSI will cause poor engine
idling.

136 CORRECT. The rotating generators receive the hot exhaust gases from
the turoine and cool the gases as they pass through them.

138 ST 9-177, para 3-2c¢(2)
141 Para 5a
143 Para 3b

#1f your response is not listed CCRRECT, check the indicated reference for the proper
answer.




164
166

167

170
173
175

177

178

179

184

188

191

192

ST 9-177, para 3-2£(3)

ST 9-177, para 6-1b(1)
Para 6b

Para 2e

Para be(2)(e)

CORRECT. The function of the accelerating pump is to supply additional
fuel when the throttle is suddenly opened,

CORRECT. The. power stroke of a 4-stroke-cycle engine is longer
because the exhaust valves stay closed longer,

ST 9-177, para 3-2£(3)
Para 2a

CORRECT, Injection components require fuel that is free from all
foreign material,

|

|
Para 1f i
Para 5a(3) ‘
Para 5b(8)

CORRECT., The fuel-air mixture is diluted by a high percentage of
inert exhaust gases at engine idling speeds.

Para 7c¢

CORRECT. This is the pressure that is applied to the fuel in the
float bowl,

CORRECT, The logistical problems plus the fact that gasoline engines
operate only on high octane fuel—for which there is no suitable substitute,

CORRECT. The spring closes the poppet on the valve in the circuit,

CORRECT, When air is passing through the venturi it creates the
pressure difference, causing fuel to discharge from the fuel nozzle,

Para 3¢ (3>

230




194

195
L]

197
200

204

210

213

218
220
223

225

228
231

233

239

241

ST 9-177, para 7-5h ) CQC/ E;

CORRECT. It would be very difficult to achieve a uniform rate of fuel
injection using this method,

Para 3b
CORRECT. The maximum package weight is 6 pounds per horsepower.

CORRECT. The choke valve is placed above the venturi, so when it
is closed it will create a high-pressure difference at cranking speeds.

ST 6-177, para 3-3e(l)
CORRECT. The valve opening is not affected under these conditions,
ST 9-177, para ;-23(3)(e)

CORRECT. The fuel is sprayed in the chamber in the direction of the
air swirl.

CORRECT. A reading in ohms of any number from 25 to 32 indicates the
field coils are serviceable,

Para 2f

ST 9-1717, para 3-2f(3)
Para 5a(2)

Para lc

Para 6e(2)(d)

CORRECT. If you check table I you will find the AVSI 1790-6 engine
uses this model of the Simmonds pump.

Fara 3h(1)
Para 4c

CORRECT. The camshaft operates the overhead valves and push
rods from a gear that is part of the helical gear train and located at the
fan end of the engine,

CORRECT. This would be the approximate temperature for igniting

a homogeneous fuel-air mixture under still conditions.

CCRRECT. Atmospheric pressure on the fuel will force it from the
bowl when a partial vacuum is created at the outlet nozzle,

ST 9-177, para 4-3f(1)

Para lc




242
243
245

248

253
256

259

260
264

268

271
274
276
211
2178
279

282

284
288
289
290
292
293
295

296

Para 2¢
Para lc
Para 5a(4)

CORRECT. When an electric fuel pump is used on a vehicle it normally
is placed in the fuel tank,

Para 2d(3)
Para 3¢

CORRECT. The stepped end of the metering rod fits in the high speed
jet, When the rod is raised, more fuel enters the high speed circuit,

Para 2c¢
Para 3¢(3)

CORRECT. With a metering valve hanging open, the engine will pop
under load conditions caused by a lean mixture,

Para 5b(7)
Para 2e(2)
Para 7d
Para 2b
Para 2e
Para 2d(3)

CORRECT. Jets spray oil on the underside of the pistons to aid in
the cooling process when the engine is operating.

ST 9-177, para 2-3b(l)
o

Para Ad(4)

Para 4c¢

Para 3a

Para 2c¢

Para 2d

Para 2e

CORRECT. When the spring is heated it opens the valve and, as it cools,
it closes the valve,

LD 2g
Fowr l) {




NEAY

298 Para 2d(3)

299 CORRECT. The air bleed allows air to enter the fuel circuit where it
helps to atomize the fuel,

Table

304 ST 9-177, para 5-1

307 Para 2a(4)

309 CORRECT. This is the temperature at which thermal cracking of
crude oil is accomplished.

311 ST 9-177, para 4-3b(2)(b)

313 Para 5a(2)

316 CORRECT. A leak in the manifold line will allow additional fuel to

enter and mix with the air-fuel mixture, resulting ina rich mixture,

320 CORRECT. The skew shaft is a machined mechanite casting containing
self-lubricating properties,

323 ST 9-177, para 4-3f(1)

324 CORRECT. A metering rod is used in some carburetors instead of
the power jet,

326 Para 2d

330 Para 2d(4)

333 Para 2e(3)

336 CORRECT. This happens in a carburetor when the globules of gasoline

mix with air,

339 Para 5b(4)

341 Para 2d

342 CORRECT. The iso-octane has a great resistance to detonation before

ignition takes place at the proper spark setting,

344 Para 5a(4)

347 Para 2e(2)

349 Para 2e(2)

350 ST 9-177, para 5-3¢

352 Para 6e(2)(i)

356 CORRECT. The aiz moving through the air horn creates the pressure

differential that opens the off center choke valve,

w




CORRECT. The atmospheric pressure moves the piston cylinder
against the spring tension,

360 Para 5b

362 CORRECT. An impeller is essential for proper distribution of the
fuel in a radial engine.

363 Para 6e(2)(c)

365 Para 5b(1)

367 ST 9-177, para 2-3b(1)

369 CORRECT. Soft steel is used because of the pressures caused by the

injection of fuels,
372 Para 5a

375 CORRECT. The percentagas of hydrogen content to carbon determines the
potential heat energy per unit. The greater the hydrogen content of
hydrocarbon molecules, the greater the heat potential,

376 ST 9-177, para 3-3e(l)

378 Para 91

379 Para 24(3)

382 Para 7d

385 Para 1f

389 ST 9-177, para 6-1b(l)

391 Para 9e

392 Para 2¢(2)

393 CORRECT, 1t is difficult to obtain maximmum economy in an engine

because of incomplete mixing of fuel and air under the various loads
and speeds.

394 Para 24 b

396 Para 5S¢ )

397 DPara 2¢(3)

400 Para 6e(2) ( )

402 CORRECT. The valve is controlled by pressure differences to

reduce the amount of fuel flow in relation to the reduced airflow,

|
|
\
|
|
|
|
390 Para 3b

25y




405

407

408

417

420

421

422

425

426

427

429

432

434

437

ST 9-177, para 7-5a

423"

Para 5a(4)

CORRECT. The superchargey requires additional power to operate;
therefore, more fuel is required for operation of the engine,

CORRECT. When the throttle is closed, a res‘riction or small
opening is created. This creates a high vacuum below the throttle

valve,

Para 5b

Para 2d

ST 9-177, para 3-2£{(3)

CORRECT. This must be done so the proper ratio of air and fuel is
delivered to the engine for all speeds and operating conditions.

CORRECT. To compensate for the increase in temperature in the
cylinder head, heat exchangers or sod.umn-filled valves are used.

Para 3a

Para lc

CORRECT. More air is packed into each cylinder with a supercharger,
Reriember, the greater the pressure at the beginning of a compressor's
stroke, the greater the pressure at the end of the stroke.

CORRECT. This condition will cause a rich mixture to enter the
engine; therefore, miore fuel will be used.

ST 9-177, fig 5-25

CORRECT. More air is forced into the cylinders and this produces 2
more constant fuel-air ratio, which increases engine power.

CORRECT. This is created during the refining of crude oil.

CORRECT. The undesirable effects, chargeable to detonation, are
always factors to consider.

Para 3b

Para 6b

CORRECT. The dry pump depends on a pocket of air while the wet
pump has a spring; when the compressed air or spring expands, the fuel

continues to flow.




440

442

444
448
452

457

460

471
474
4717

482

486

488

490

491
492
493
496

497

Para 5b
ST 9-177, table4 5~/

CORRECT. This fuel is first ignited and it, i» turn, ignites the main
charge.

CORRECT., The military required an engine that would use most types
of fuel to help overcome fuel problems in areas of operation.

CCRRECT. The venturi creates a partial vacuum (or low-pressure 2rea)
at the outlet of the nozzle.

Para 2g

CORRECT. The temperature of the compressed air is the determining
factor for any diesel engine to ignite,

Para 3b

Para 2g(2)

ST 9-177, para 5-4#9-

Para 2d

Para 6e(2)(d)

ST 9-177, para 2-2¢

Para 2f

Para lc

CORRECT. The vacuum booster pump assists or helps keep the
windshield wipers operating during periods when the manifold vacuum
is low,

Para 2a

CORRECT. The fuel density compensator ts an integral component of
the injector pump assembly.

Para 81,
Para 2c¢(2)
Fara 2c
Para 2g(1)
Fara 2h(2) - .

[“bi
ST 9-177, para 7-5f

\\_.(
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498

500

501

508
510

516

524

526

527

529

531

533

536

537

539

541

CORRECT. The combustion chamber injection is more effective during
extremely high speeds.

Para 24d(3)

CORRECT. Carbon and hydrogen combined in other proper chemical
elements will burn freely.

ST 9-177, para 3-2d
ST 9-177, para 4-3b(2)(b)
ST 9-177, para 3-2c¢c(2)
Para 7d

Para 2b(l)

ST 9-177, para 4-3b(3)
Para 9e

Para 2¢(3)

Para 2e(3)

Para 7d

Para 5b(4)

CORRECT. A catalyst used in this process breaks down some
of the chemicals into usable fuels.

Para 7b
Para 5a(4)

CORRECT. The fuel consumption ie higher with a supercharged
engine—sgo it is more costly to opera.

Para la
Para 3¢

CORRECT. Hot air from the exhaust manifold is directed onto the
thermostatic spring.

CORRECT. You may find a fuel filter located near the tank or near

<47

the carburetor. The fuel must be filtered before it enters the carburetor.

CORRECT. The volume is reduced one-half if the pressure is doubled.
Para 4b

Para 5a(l)
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553 ST 9-177, para 7-5h
555 Para 2a(4)
559 CORRECT, The burning of fuel only. as it evaporates, prevents the

knocking normally caused by low octane gasoline.

562 CORRECT, A lesa volatile fuel will wash the oil seal from the cylinder
walls and dilute the oil in the crankcase,

563 Para 2¢(2)

565 Para 5b(7)

567 Para 2¢

570 ST 9-177, para 2-2¢

572 Para 2e(2)

573 CORRECT, You do this so the openings in the top and body will aline

when assembling the pump,

575 CORRECT, The gas turbine engine can operate on a wide range of fuels
and maintain high torque at stall speeds,

577 Para 2c¢

578 CORRECT. The motor method test conditions are more severe and give
truer results.

579 Para 3b

580 CORRECT, A centrifugal supercharger is a nonpositive, displacement-
type pump,

581 CORRECT, The main nozzle is positioned in the venturi and is part

of the high speed circuit,

582 CCRRECT,. If a fuel tank is positioned high enough, gravity will send
the fuel to the carburetor so no pump will be needed,

584 Para 2g(2)

590 CORRECT, There is an outer and inner smaller spring that does the
regulating.

591 Para 2g

594 Para 2e

395 Para lc

597 CORRECT. If a positive-type pump was used to supply fuel to a carburetor,

a bypass line would be necessary to take care of excess fuel when the
carburetor bowl was full.

o 10 26y




600

003
608
612
615
617
621

624

637
638
639

542

643

647

648

CORRECT. These components are constructed to withstand the pressures
developed by high combustion pressures,

ST 9-177, para 4-3c(2)

Para 3h(1)

Para 2a

ST 9-177, para 3-2d

Para 2d(3)

ST 9-177, para 4-3c(2)

CORRECT. Compression ignition engines have a higher compression
ratio than spark ignition engines because the compressed air produces
enough heat to ignite the fuel-air mixture.

Para 2g

Para 9f

ST 9-177, para 4-3b(3)

CORRECT. These are added to prevent the formation of gum deposiis
in the fuel system components,

ST 9-177, para 5-3c

CORRECT. The dual carburetor is so designed that the throttle valves
are mounted on a single shaft,

Para 5b
Para 5c¢
Para 2d
ST 9-177, para 7-5a

CORRECT. This is to hold the fuel in the accelerating pump cylinder
until it is discharged,

Para 240

Para 2g

CORRECT. Excess fuel will be flowing into the system; therefore,
the fuel consumption will be high.

. a
ST 9-177, para Z-2a(3)(¥)

CORRECT. The compressed air pressing through the rotating regenerators

ie heated by the regeneratoxrs.

11
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~
637 CORRECT. Gasoline is readily vaporized when heated and will be
one of the first products released when distilling crude oil.
661 CCRRECT. These chemical properties of gasoline tend to oxidize,
which causes gums to form in fuel system components.
662 Para 2d(3)
665 Para 5a(l)
669 ST 9-177, para 5-4e
672 CORRECT. The heated compressed air enters the combustors where the
injected fuel is ignited.
674 Para 2b(l)
677 ST 9-177, para 5-25
679 Para 2d(3)
682 CORRECT. Also included would be free-piston engines, Turbines
are expected to approach diesel engine fuel economy at part and {full
load,
684 Para 5b(8) ) )
685 Para 4b
688 Para 5a(3)
690 Para 2a
691 CORRECT. This is the circuit that provides the fuel to keep an engine
operating while the vehicle is parked.
694 ST 9-177, para 7-5f
696 CORRECT. The "controlled evaporation'' principle is the precess
developed by Dr, Meurer, This process is sometimes called hypercycle.
699 Para 2h(2)
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1. What characteristic of carbureted air-fuel-systems is the MOST undesirable in tactical

situations? -~
a, Icing

b. Excessive warmup time

c. Inability to operate in all positions

b, Backfiring

2. What is taking place when the molecules of a liquid move from the liquid into the air?

a. Condensation
b, Evaporation
c. Atomization
d. Aeration




3, What type compressor pump is MOST suitable for gas turbine engines?

a, Axial flow

b. Root!s blower
c. Centrifugal vane
d. Sliding vane

4. The definition of volatility is "The ease with which the fuel is

a, mixed with air for burning,"

b, atomized under pressure,"

c¢. vaporized under prescribed conditions, "
d, stabilized under heat,"

=1l

. What is generally established as the best air-fuel ratio in a gasoline engine?

o, When overhauling a carburetor, which components must be installed as a matched set?

a2, Float needle valve and seat

b, Accleration pump piston and cylinder
¢, Metering rod and jet

d, Step-up piston and cylinder

7. The Simmonds injector pump will deliver the MOST fuel when the

a, capsule is expanded,

b, skew shaft is high,

c. skew shaft is low,

d. plunger stroke is short.

8. How would fuel injected engine operation be affected if the skew shaft of the injector
pump were sticking?

a, Mixture would be too lean during idling

b, Engine acceleration would be poor

c. High pressure oil would stop circulating through pump
d, Wobble plate would stop oscillating

9, To check the resistance in the armature windings of a 24-volt fuel pump, the test
meter leads are connected to alternate commutator bars, How many ohms of
resistance should the meter indicate if the windings are satisfactory?

a, 0,70to 1,00
b, 1..35t0 1,7
c. 3,0t03.,85
d, 5.4t07.0

0S 403, E-P2
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10, The greatest volume of fuel-air mixturs will enter the intake manifold of an engine
when the

a. throttle valve is parallel to airflow,

b. throttle valve is perpendicular to airflow.
c. choke valve is closed,

d. metering rod is seated in its jet,

11, The fuel pumps used on MOST vehicles with gasoline engines

a, are driven by a side gear on the distributor shaft,
b. operate on the nonpositive pump principle,

c. depend on gravity to feed fuel from the fuel tank,
d, operate on ths positive pump principle,

12. Which statement regarding the air-fuel induction system of a carbureted engine is
TRUE?

a, Fuel intake per cylinder is constant for all speeds

b, Fuel input is the major factor limiting engine power output

c. Air supply is the major factor limiting engine power output

d. Air velocity through the carburetor horn is constant at all speeds

13. What carburetor component aids in atomizing the fuel during idle speed operation?

a, Air bleed
b, Needle valve
¢, Bowl vent
c. Main venturi

14, The accelerating pump circuits used in most carburetors

a, contain a venturi and air bleed.

b, direct high air pressure to top of float bowl.

c. supply extra fuel during high speed operations,
d, are operated mechanically by throttle linkage,

15, After the cover of a fuel pump with a vacuum pump assembly aas been separated from
the body, what is the next step in disassembly?

a. Move rocker arm and unhook links from dizphragm
b, Remove lower oil seal retainer

c, Fille off riveted end of pump rocker arm pin

d, Remove linkage and bushing from rocker arm

16, Whatis the greatest advantage in the use of multifuel engines as opposed to gasoline
operated engines?

a. Greater horsepower can be achieved

b, Logistical costs in the transportation of fuel are reduced
¢, Cross-country maneuverability is improved

d. Increased tactical applications due to reduced noise level

OSs 403, E~P3
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17.

18,

20,

21,

22,

23,

O
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What is associated with rapid combustion and a high rate of pressure rise in a gasoline
engine?

a. Excess fuel consumption
b, Loss of thermal efficiency
c. Detonation

4, Slow performance

How much resistance, in ohms, should exist in the field coil when testing a 24-volt
electric fuel pump?

a, 80to 85
b, 90 to 97
c. 100 to 109
d, 113 to 125

What action occurs in a multifuel engine that operates on the hypercycle principle?

a. Slow evaporation produces a long burning time

b. The fuel evaporates and ignites simultaneously with injection

c. 95 percent of the fuel ignites on contact with combustion chamber

d. A maximum of 5 percent of the fuel is injected into swirling air of the chamber

The amount of spring tension that tends to keep 2 carburetor automatic choke valve
closed is determined by the

a, intake manifold vacuum.

b, volume of air passing through the horn,
¢, temperature of the engine.

d. pressure applied on throttle linkage,

What must be done to a new diaphragm before it is installed in a mechanical fuel pump?

a. Apply sealing compound to outer edges
b, Soak it in clean kerosene

c. Apply a coat of shellac to engine side
d. Soak it in hot water

What condition exists when thé throttle of a fuel injected gasoline engine is open past
the idle or no-load position?

a. The fuel air mixture is about 10:1

b, Maximum power is developed

c. The ignition phase is retarded

d. Exhaust gas dilution is at its minimum

What statement, in reference to the LDS-465-1 multifuel engine, is TRUE?
a, It operates ona 10:1 compression ratio
b, Its crankshaft is designed to withstand 3,57) PSI firing pressures

c. It operates on the principle of compression ignition
d. 1t is designed as a short-stroke engine
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24, One of the problems of carbureted air-iuel induction that does NOT exist in injection
systems is that the fuel

a. must be filtered extensively.

b. may condense before reaching cylinder.
c. vaporizes in the intake manifold,

d. supply pressure must be high.

25. What are the two basic methods for rating fuels for automotive engines?

a, Research and supercharge

b, Motor and supercharge

¢. Motor and AN performance number
d, Research and motor

26. What item is needed on the LDS-465-1 engine to keep the induction air warm during
cold weather operation?

a, Water jacketed manifold

b, Off-vehicle heating kit

c. Flame heater in the exhaust manifold
d, Electric heater in the turbocharger

27. Which is an undesirable characteristic of diesel engines?

a. Insufficient torque is developed at low speeds

b, Excessive carbon monoxide is present in exhaust gases
c. Starting is rather difficult

d, The fuel does not ignite easily

28, What causes a jum formation in gasoline when it is exposed to high temperatare during
storage?

a, Evaporation
b, Oxidation

c¢. Vaporization
d, Condensation

29, What is a disadvantage of GMT-305 turbine engines?

a, Engine weight in comparison to horsepower output is excessive

b. Engines cannot maintain high torque at stall speeds

¢, Complicated cooling equipment is required to maintain acceptable temperatures
d. Deceleration of the engine does not assist braking action of vehicle

30. Which item in the full-power circuit of a carburetor is controlled by the throttle valve
linkage?

a, Metering rod

b, Power jet

c. Vacuum step-up
d. Air bleed
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31, Repair of a grounded armature from an electric fuel pump should NOT be attempoted )
because

a, repair parts are not readily available.

b. the armature is in dynamic balance and cannot be disassembled for repairs,
c. the pressure required for disassembly is a safety hazard.

d. the armature and field coils must be in matched sets,

32, What statement in relation to gases is CORRECT ?

a. Volume increases as the pressure applied increases

b. Weight decreases as pressure applied decreases the volume
c. Density increases as pressure applied increases

d. Volume decreases proportionally with temperature increases

53, American diesel engines are classified according to the

a, speed at which engine normally operates,

b. number of cylinders.

c. horsepower the engine develops.

d. cetane number of fuel required for the engine,

34, Intake manifolds are built straight and short as possible in order to
a, reduce ignition lag.
b. lessen the chance of condensing the fuel.
c. increase the fuel-to-air ratio,

d. prevent engine backfire.

Which carburetor malfunction will cause poor gas mileage?

v
W
.

a. Leak around the manifold gasket

b, Worn leather on the acceleration pump piston
c. Float level set too high

d. Choke valve remaining in the full-open position

36, After the capscrews are removed from the mechanizcal fuel pump cover it can be
separated from the main body by

a., inserting a small screwdriver between the units and prying.
b. securing body in a vise and removing cover with a wrench,
c. tapping cover lightly with a wooden mallet,

d. rotating cover in a counterclockwise direction.

>7. Which vapors are separated first when crude oil is distilled?

a, Natural gasoline

b, Kerosene

c. Diesel oil

d, Straight-run gasoline

oo
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38, What type engine is considered to be a trus multifuel engine ?

a,
b.
c.
d.

Dieael
Gausoline
Gaas turbine
Wankel

39, What type combustion chamber is found on 2-stroke-cycle diesel engines?

a,
b,
c.
d.

Precombustion
Turbulence
Divided

Open

40. What is a common cause of preignition in the gasoline engine?

a,
b.
c.
d.

Late timing

Hot exhaust valves
High octane fuel
Cold intake valves
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